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1. Introduction
At the RAN1#111 meeting [1], there was discussion on co-channel coexistence of LTE-SL and NR-SL. In this contribution, we share our further views on co-channel coexistence of LTE-SL and NR-SL.

2. Discussion
2.1. Resource determination details
In the previous meetings, we discussed about the behavior of LTE and NR module to determine resources in dynamic sharing resource pool and the candidate information shared by LTE to NR module. The following agreements and FL’s proposal were made.
	Agreement
For dynamic resource pool sharing, the NR SL module uses the candidate information shared by the LTE SL module to the NR SL module, where
· The NR SL module excludes resources based on the shared information from its own candidate resource set when performing the resource (re)selection procedure in the PHY layer.
· FFS how to exclude resources at least based on the time and frequency locations of LTE SL transmissions that have been indicated in the shared candidate information.
· FFS how the exclusion is performed according to clause 8.1.4 of TS 38.214.
· FFS: whether/how NR SL module excludes resources not belonging to the generated LTE SL’s candidate resource set SB from its own candidate resource set.



	Agreement
For dynamic resource pool sharing, the candidate information shared by the LTE SL module to the NR SL module may include one or more of the following parameters, to be down-selected:
· Time and frequency locations of reserved resources by other LTE UEs, determined based on decoded SCIs
· SL RSRP measurement results
· Resource reservation periods based on decoded SCI and for own LTE SL transmissions
· Priority based on decoded SCI and for own LTE SL transmissions
· Time and frequency location of resources used for own LTE SL transmissions
· Candidate resource set SA or SB
· SL RSSI measurements
· LTE logical subframe related information
· Resources corresponding to half-duplex subframes which are not monitored by the LTE SL UE



	Proposal 1-3 (II):
· For dynamic resource pool sharing, the information shared by the LTE SL module to the NR SL module contains at least the following parameters:
· Time and frequency locations of reserved resources by other LTE UEs, determined based on decoded SCIs
· SL RSRP measurement results
· Resource reservation periods based on decoded SCI and for own LTE SL transmissions
· Priority based on decoded SCI and for own LTE SL transmissions
· Time and frequency location of resources used for own LTE SL transmissions
· LTE logical subframe related information
· Resources corresponding to half-duplex subframes which are not monitored by the LTE SL UE 
· SL RSSI measurement results
· It is RAN1’s understanding that the NR SL module is aware of the LTE SL resource pool configurations as per Rel-16 in-device coexistence.



We consider the remaining FFS part regarding how NR module excludes resources based on LTE information shared by LTE module. We note that if PSFCH resources and a subcarrier spacing which is higher than 15kHz are configured in the dynamic sharing resource pool, some additional behaviors would be needed in the resource exclusion as discussed in other sections (e.g., resource exclusion to avoid the corresponding PSFCH resources to overlap with LTE transmissions). In this session, we focus on the basic resource exclusion steps that are applied to the dynamic sharing resource pool without PSFCH and higher SCSs configured.
There are three possible types of resource exclusion based on LTE information, such as based on (1) LTE reservation information transmitted by other LTE UEs, (2) its own future LTE transmissions and (3) LTE half duplex. We think that all these types of resource exclusion should be performed to avoid unnecessary collisions with other LTE UEs’ transmissions and intra-UE collision. 
Introducing (1) would be straightforward. For (2), if its own LTE transmission-based resource exclusion is not performed, LTE TX and NR TX may collide in one device to drop either TX, which causes latency performance degradation. Namely, Rel16 in-device framework that sharing parameters are LTE/NR priorities and either module just drops its transmission according to their priorities, should be extended in resource exclusion behavior. For (3), in LTE RA, resources corresponding to half-duplex slots are excluded to avoid the possible collision with other LTE UE’s transmissions. We do not see any reason not to try to exclude the LTE half duplex slots. LTE (pre-)configuration information including LTE reservation interval that is one of required information for this operation can be known at NR module in advance.

Proposal 1:  NR SL module excludes resources based on the following:
· LTE reservation information transmitted by other LTE UEs
· Its own future LTE transmissions
· LTE half duplex

2.1.1. Shared information
The proposal that was made by FL at the last meeting for the candidate LTE information to be shared is corresponding to each type of resource exclusions as follows: 
(1) LTE reservation information
Time and frequency locations of reserved resources by other LTE UEs, determined based on decoded SCIs
SL RSRP measurement results
Resource reservation periods based on decoded SCI
Priority based on decoded SCI
(2) Its own future LTE transmissions
Time and frequency location of resources used for its own LTE SL transmissions
Resource reservation periods for its own LTE SL transmissions
Priority for its own LTE SL transmissions
(3) LTE half duplex
Time and frequency location of resources used for its own LTE SL transmissions

Basically, we think these parameters listed in the FL’s proposal are enough to perform three types of resource exclusions. One important aspect from our perspective is to confirm the reason for removing “LTE half duplex subframes” is that NR module can know the same information by time location of resources used for own LTE SL TX and LTE (pre-)configuration. If this interpretation is not common understanding among companies, further discussion is necessary.

Proposal 2:  LTE SL module shares the following information to NR SL module for dynamic RP sharing:
· Time and frequency locations of reserved resources by other LTE UEs, determined based on decoded SCIs
· Time and frequency location of resources used for its own LTE SL transmissions
· SL RSRP measurement results
· Resource reservation periods based on decoded SCI
· Resource reservation periods for its own LTE SL transmissions
· Priority based on decoded SCI and for its own LTE SL transmissions
· Note: NR module can know ‘LTE half duplex subframes’ from ‘Time and frequency location of resources used for its own LTE SL transmissions’ and LTE (pre-)configuration

2.1.2. Details of resource exclusion based on LTE reservation
Here, the remaining discussion points for NR resource exclusion steps based on LTE reservation information (i.e., (1) above) are considered as (A) in which step resource exclusion should be performed, (B) which RAT’s configuration regarding RSRP threshold/priority should be used, and in the case that an insufficient set of resources is obtained after step 6, (C) in which step threshold configuration should be increased and (D) which RAT’s threshold configuration should be increased.

Proposal 3:  
· Discuss on NR resource exclusion based on LTE reservation information as follows: 
· In which step resource exclusion should be performed,
· Which RAT of configuration for RSRP/priority threshold should be used
· In which step configuration for RSRP/priority threshold should be increased if there is an insufficient set of resources
· Which RAT of configuration for RSRP/priority threshold should be increased if there is an insufficient set of resources

For (A)/(B), as a straightforward way, resource exclusion considering LTE reservation information is performed in the same steps as considering NR reservation information. That is, the exclusion is performed in step 6. Details of the RSRP threshold used for the exclusion should be discussed further, e.g., NR (pre-)configuration for both LTE and NR, etc.
For (C)/(D), when RSRP threshold increase for LTE reservation is performed, there would be no reason to do that in step other than step 7. Meanwhile, the condition to perform the increase should be discussed further, e.g., both of LTE threshold and NR threshold are incremented together, etc.

Proposal 4:  [bookmark: OLE_LINK2]
· NR SL module excludes any candidate single-slot resources (Rxy) which include RB(s) whose time and frequency locations are indicated used by LTE transmission if its LTE RSRP is higher than the threshold in step 6.
· FFS: Details of the RSRP threshold used for the exclusion 
· If the number of candidate single-slot resources is smaller than X*Mtotal, then threshold configuration(s) is(are) increased by 3dB in step 7.
· FFS: Details of conditions to perform the increase (e.g., whether both of LTE threshold and NR threshold are incremented)

2.2. Sharing timeline
	Proposal 1-4 (II):
· For dynamic resource pool sharing, for details regarding the timeline on how the NR SL module uses the information shared by the LTE SL module, 
· Alt 1: The latest LTE SL subframe used to determine the information shared with the NR SL module is at most Tvalid ms prior to the time of sharing the information.
· Alt 2: Further time-related aspects are up to UE implementation.


In the previous meeting, major companies seemed to agree on the direction to define some kind of time-related restriction to ensure valid LTE information. We also support defining the upper bound of LTE processing time and the delay on the interface between NR and LTE. Otherwise, Rel.18 UEs in dynamic sharing resource pool may fail to properly allocate resources to avoid interfering with LTE transmission.
To ensure the validation of LTE information, two main ways have been discussed, to define the timing at which LTE SL module provides information or the ending timing used to determine shared information. We think that the former way only does not work well and defining the ending timing used to determine shared information is reasonable because if only the timing at which LTE SL module provides information is defined, then there is no guarantee that the LTE information is not too old and valid. A new parameter Tvalid should be introduced to support this mechanism.
Observation 1:
· Defining only the timing at which LTE SL module shares information allows to share too old information. Which reservation is reflected should be ensured.

In addition, it seems to be essential to define not only the latest timing, but also the earliest timing (T0_LTE). Without this definition, it is possible that the NR module considers only the LTE information collected around n – Tvalid. We believe that this is not intended behavior in discussion so far.
If Tvalid is introduced, another aspect to be clarified is where to define the reference point for Tvalid. In the candidates of slot “n” and “n – T” for the reference point, we think that both are acceptable, but slot “n – T” is a better reference point. This is because if “T” is not used, the definition of Tmax would be meaningless. Another reason is that it is possible to define the processing time for LTE module related time (< Tvalid) and NR module processing time (< Tmax) separately.

Proposal 5:  
· NR SL module is expected to be provided any LTE information generated from monitoring at least between n-T0_LTE and n-T–Tvalid for resource selection at slot n.
· FFS: the value of T0_LTE and Tvalid
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Figure 1: The image of the sharing timeline 

We note that this definition should also be applied to the case of aperiodic traffic. To follow the above timeline restriction, LTE SL module should provide LTE information at the appropriate time, taking into account the timing of its own NR transmission and processing time. This practical sharing timing is up to UE implementation as long as NR SL module has all LTE information generated from monitoring at least between T – T0_LTE and n- T – Tvalid for NR transmission at slot n.

2.3. [bookmark: _Hlk118112851]PSFCH transmission handling
	[bookmark: _Hlk111033609]Proposal 1-1(VII):
· For dynamic resource pool sharing, in NR SL resource pools with PSFCH configured and when HARQ-ACK is enabled, based on (pre-)configuration, when PSFCH resources overlap with resources to be used for LTE SL transmissions in the time domain, the NR SL UE
· Always avoids transmissions on the PSFCH resources (Alt 1), or
· FFS details including whether the TX UE avoid selecting resources for PSCCH/PSSCH transmissions with the overlapping PSFCH resources and/or RX UE does not transmit on the overlapping PSFCH resources.
· Does not avoid transmission on the PSFCH resources (Alt 2), or
· Conditionally avoids transmissions on a subset of the PSFCH resources.
· FFS details of conditions including 
· a (pre-)configured subset,
· the consideration of the LTE RSRP and LTE and/or NR priority,
· presence of PSCCH/PSSCH transmission in the same time slot LTE subframe as PSFCH transmission with the same power by the same UE.
· FFS for the case when there is an overlapping of time and frequency resources between PSFCH and LTE SL transmission
· Introduce additional PSFCH periodicity of [5, 8 and] 10.
· Note: Alignment between PSFCH periodicity and LTE logical subframes should be ensured by proper configuration.
· FFS: Whether to confine the PSFCH transmission, in the time domain, within the guard symbol of the LTE SL subframe.
· FFS details including the conditions.


RAN1 discussed how to handle PSFCH transmission overlapped with LTE SL transmission in dynamic resource pool sharing, but we could not reach any agreement in several meetings. To make progress, the FL proposed [2] the above description as RAN1 can compromise.
At first, we strongly emphasize that it is undesirable to specify multiple solutions/functions separately to solve one same issue. In general, such specifications would cause a lot of UE capability branches, market fragmentations and operational difficulties. But we understand that these methods listed in the latest FL’s proposal have each pros/cons and from the perspective of meeting management, we are acceptable to continue to study multiple solutions under the following SL capability constraint.

Proposal 6:  
· If RAN1 continue to study multiple solutions to resolve the AGC issue caused by the collision between PSFCH and LTE transmissions, at least, SL Rel. 18 type A UE should support all these SL features as a single UE capability.

From the contributions showing good performance by the method using LTE SL-RSSI, we got to think it deserves to study that using LTE SL-RSSI function to avoid the collision between PSFCH and LTE TX, but the latest FL’s proposal seems no longer to reflect the part of essential concept that NR PSCCH/PSSCH and PSFCH TX are concentrated on the specific slots. Hence, it should be explicitly stated that the slots configured as PSFCH slots (or subset of PSFCH slots) is prioritized for NR PSCCH/PSSCH transmissions for LTE SL UEs to tend to avoid transmitting on PSFCH slots (or subset of PSFCH slots).
Observation 2:
· Main concept of ‘Introduce additional PSFCH periodicity of [5, 8 and] 10’ is to concentrate NR PSCCH/PSSCH into PSFCH-slot so that LTE SL excludes corresponding slots due to high SL-RSSI. This should be explicitly clarified in proposal.

In our understanding, both methods that (A) NR resource selection based on LTE reservation and (B) NR resource selection for efficient LTE resource selection based on RSSI measurement are beneficial. In (B), to make LTE transmissions avoid PSFCH slots well by using LTE RSSI measurements, NR transmissions will be sufficiently concentrated on the (subset of) PSFCH slots. Advantage of (B) over (A) seems to be the fairer operation and balanced performance between LTE and NR.
On the other hand, in (A), i.e., by avoiding PSFCH transmission in order not to overlap with LTE transmission, NR SL system can achieve lower latency communication further (B) would lead to an increase in NR transmission latency since NR SL module would select PSFCH-slot mainly. Besides, (A) prevents the LTE SL system from being interfered in a dynamic manner even in the case the amount of NR traffic frequency or sharply fluctuates. In such a case, LTE resource selection based on LTE RSSI measurement which is done at most every 100ms or the new mechanism that NR transmissions are concentrated on the specific slots would not follow the traffic change, which causes the collision between NR and LTE.
In summary, the former method has advantages such as latency reduction in the non-congested situation and even in the non-steady state, minimizing the impact on the LTE side as much as possible while it has a disadvantage such as over-exclusion for NR transmission, which leads to NR performance degradation. The latter method is vice versa.
In our view, by using both two methods depending on the situation or purpose (in a dynamic manner if possible), it can be achieved that, while keeping the avoidance of the initial collision in the non-steady state and the freedom of NR resource selection for low latency in the non-congested situation, the possibility of the over-exclusion for NR transitions is mitigated.

Proposal 7:  
· Study the conditions for which mechanism such as explicit collision avoidance in NR SL module or concentration of NR PSCCH/PSSCH TX on PSFCH slots is appropriate.

Proposal 8:  
· Support both the following schemes
· NR SL UE avoids NR transmissions on (a subset of) the PSFCH resource, considering LTE RSRP/priority and NR priority: 
· The NR TX UE avoids selecting resources for PSCCH/PSSCH transmissions with the overlapping PSFCH resources
· The NR RX UE does not transmit PSFCH on the overlapping PSFCH resources
· Introduce long PSFCH periodicity or new configuration for subset of PSFCH slots. 
· FFS: How to concentrate NR PSCCH/PSSCH transmissions in the (subset of) PSFCH slots. 
· Study how to combine both schemes
· Note: only a single UE capability is defined for these schemes

2.4. Higher Subcarrier spacing handling
	Proposal 1-5 (II):
· For dynamic resource pool sharing, the following options are studied to resolve the AGC issue in LTE SL UEs which is caused by NR SL PSCCH/PSSCH transmissions if higher SCSs are supported:
· Option 1: The NR SL transmissions of higher SCSs are transmitted on all slots within a LTE SL subframe of 15 kHz 
· FFS: Whether this takes place in all slots configured within the LTE SL resource pool or only when the NR SL transmission overlaps an LTE SL transmission based on information shared by the LTE SL module.
· Option 3: NR SL UE uses the information shared by the LTE SL module in its own resource selection procedure to exclude slots overlapping with LTE SL transmissions.
· [bookmark: _Hlk127433537]FFS: Exclude only those slots where the first symbol of the NR SL transmission is not overlapping in time with the first symbol of the LTE subframe.
· Note: This study does not imply RAN1 supporting higher SCS


While in the several meetings, RAN1 discussed the solutions to support higher SCSs in dynamic sharing resource pool, there was discussion on how to resolve the AGC issue by higher SCSs and some companies have the opinions against support on higher SCS. 
In our understands, dynamic sharing resource pool with higher than 15kHz (at least 30kHz) is almost essential feature. This is because the legacy NR (Rel.16/17 NR) SL UEs only have capability to support the resource pool with 30kHz as a mandatory feature and are intended to be typically operated with 30kHz SCS in ITS band. Rel.18 NR SL UE is assumed to be configured one BWP that can include the resource pool(s) with same numerology. Hence, if dynamic resource can be configured with 15kHz SCS only, Rel.18 type A device is configured with either dynamic resource pool with 15kHz SCS only or NR resource pool only with 30kHz SCS. 
The main concern to Option 3, which excludes resources to avoid overlapping with LTE transmission in the time domain, seems to be that it causes a lot of resource inefficiency. We believe that only excluding the slots other than the first slot that overlap with LTE TX in the time domain (the FFS part of Option 3) will fully overcome the drawback of the option 3. If the main concern to the FFS part of Option 3 is that it is unclear whether the reduction in transmit power within a LTE subframe really does not affect the AGC on the LTE SL side, RAN1 should ask RAN4 as an LS. 

Proposal 9:  
· For dynamic sharing resource, support SCSs being higher than 15kHz (at least 30kHz).

Proposal 10:  [bookmark: OLE_LINK12]
· Support NR SL excluding slots overlapping with SL LTE transmission.
· Exclude only those slots where the first symbol of the NR SL transmission is not overlapping in time with the first symbol of the LTE subframe.
Proposal 11:  
· If the reduction in transmit power within an LTE subframe affect the AGC performance on the LTE SL side, support NR SL multi-slot transmission (option 1)

3. Conclusion
In this contribution, we discussed co-channel coexistence of LTE-SL and NR-SL. Observations/Proposals are summarized as following: 

Proposal 1:  NR SL module excludes resources based on the following:
· LTE reservation information transmitted by other LTE UEs
· Its own future LTE transmissions
· LTE half duplex
Proposal 2:  LTE SL module shares the following information to NR SL module for dynamic RP sharing:
· Time and frequency locations of reserved resources by other LTE UEs, determined based on decoded SCIs
· Time and frequency location of resources used for its own LTE SL transmissions
· SL RSRP measurement results
· Resource reservation periods based on decoded SCI
· Resource reservation periods for its own LTE SL transmissions
· Priority based on decoded SCI and for its own LTE SL transmissions
· Note: NR module can know ‘LTE half duplex subframes’ from ‘Time and frequency location of resources used for its own LTE SL transmissions’ and LTE (pre-)configuration
Proposal 3:  
· Discuss on NR resource exclusion based on LTE reservation information as follows: 
· In which step resource exclusion should be performed,
· Which RAT of configuration for RSRP/priority threshold should be used
· In which step configuration for RSRP/priority threshold should be increased if there is an insufficient set of resources
· Which RAT of configuration for RSRP/priority threshold should be increased if there is an insufficient set of resources
Proposal 4:  
· NR SL module excludes any candidate single-slot resources (Rxy) which include RB(s) whose time and frequency locations are indicated used by LTE transmission if its LTE RSRP is higher than the threshold in step 6.
· FFS: Details of the RSRP threshold used for the exclusion 
· If the number of candidate single-slot resources is smaller than X*Mtotal, then threshold configuration(s) is(are) increased by 3dB in step 7.
· FFS: Details of conditions to perform the increase (e.g., whether both of LTE threshold and NR threshold are incremented)
Observation 1:
· Defining only the timing at which LTE SL module shares information allows to share too old information. Which reservation is reflected should be ensured.
Proposal 5:  
· NR SL module is expected to be provided any LTE information generated from monitoring at least between n-T0_LTE and n-T–Tvalid for resource selection at slot n.
· FFS: the value of T0_LTE and Tvalid
Proposal 6:  
· If RAN1 continue to study multiple solutions to resolve the AGC issue caused by the collision between PSFCH and LTE transmissions, at least, SL Rel. 18 type A UE should support all these SL features as a single UE capability.
Observation 2:
· Main concept of ‘Introduce additional PSFCH periodicity of [5, 8 and] 10’ is to concentrate NR PSCCH/PSSCH into PSFCH-slot so that LTE SL excludes corresponding slots due to high SL-RSSI. This should be explicitly clarified in proposal.
Proposal 7:  
· Study the conditions for which mechanism such as explicit collision avoidance in NR SL module or concentration of NR PSCCH/PSSCH TX on PSFCH slots is appropriate.
Proposal 8:  
· Support both the following schemes
· NR SL UE avoids NR transmissions on (a subset of) the PSFCH resource, considering LTE RSRP/priority and NR priority: 
· The NR TX UE avoids selecting resources for PSCCH/PSSCH transmissions with the overlapping PSFCH resources
· The NR RX UE does not transmit PSFCH on the overlapping PSFCH resources
· Introduce long PSFCH periodicity or new configuration for subset of PSFCH slots. 
· FFS: How to concentrate NR PSCCH/PSSCH transmissions in the (subset of) PSFCH slots. 
· Study how to combine both schemes
· Note: only a single UE capability is defined for these schemes
Proposal 9:  
· For dynamic sharing resource, support SCSs being higher than 15kHz (at least 30kHz).
Proposal 10:  
· Support NR SL excluding slots overlapping with SL LTE transmission.
· Exclude only those slots where the first symbol of the NR SL transmission is not overlapping in time with the first symbol of the LTE subframe.
Proposal 11:  
· If the reduction in transmit power within an LTE subframe affect the AGC performance on the LTE SL side, support NR SL multi-slot transmission (option 1)
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