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1. Introduction
At the RAN1#110bis-e 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 scheme
In RAN1#110bis-e meeting, we discussed about the behavior of LTE and NR module to determine resources in dynamic resource pool and following agreements were made.
	Agreement
For dynamic resource pool sharing, the NR SL module uses the information shared by the LTE SL module to the NR SL module to determine the set of resources for its own transmission.
· FFS: which layer carries out the resource determination: PHY layer or MAC layer.



	Agreement
For dynamic resource pool sharing, where the NR SL module uses the candidate information shared by the LTE SL module to the NR SL module, continue studying the following alternatives:
· Alt 1: The LTE SL module provides the NR SL module with the candidate information (excluding at least the candidate resource sets SA or SB)
· The NR SL module identifies a set of resources based on information shared by the LTE SL module.
· FFS: how to identify the set of resources
· The NR SL module excludes these identified resources from its own candidate resource set when performing the resource (re)selection procedure.
· The exclusion process is performed in the PHY layer.
· Note: implementation of Alt 1 should not have specification impact to LTE
· Alt 2: The LTE SL module provides the NR SL module with the candidate resource sets SA or SB shared by the LTE SL module
· The LTE PHY SL module is provided information from the higher layer to generate a candidate resource set SA or SB. The resource set SA or SB is then shared to NR SL module.
· The NR SL module performs an intersection operation with the candidate resource set received from the LTE SL module and the candidate resource set generated by the NR SL module.
· [bookmark: _Hlk118706012]FFS: how to handle the case where this results in an insufficient set of resources
· The intersection operation is performed in the MAC layer.
· FFS: How to handle NR V2X parameter settings that are not supported by LTE V2X, e.g., periodicities, sub-channel sizes, etc
· Note: implementation of Alt 2 should not have specification impact to LTE
· In the next meeting strive to decide between the two alternatives


We consider the remained FFS part regarding which layer to carrier out the resource determination. In the latter agreement, Alt1 describes NR PHY level resource determination (exclusion) while Alt2 is NR MAC level resource determination (selection). Alt1 has several advantages compared to Alt2 in terms of that NR module can interpret LTE configuration/parameters to perform NR resource determination using interpreted LTE configuration/parameters. For example, LTE priority and LTE RSRP can be treated same as NR priority and NR RSRP to determine resources in PHY layer as the current step 6 of 8.1.4 in 38.214. If resource exclusion steps are performed independently in LTE and NR, each RSRP threshold to determine whether to exclude or not would differ because the congestion levels of LTE and NR, which are related to determining the RSRP thresholds, typically differ. This difference to determine candidate resources between LTE and NR may cause unreasonable resource determination. Additionally, the definitions of (pre-)configured LTE resource pool configuration and LTE reservation interval are different from NR’s so resource exclusion step should be performed by NR PHY layer that can be use all information.

Proposal 1:  [bookmark: OLE_LINK1]
· Support PHY level resource determination (Alt1)

Specifically, resource exclusion from a set SA based on LTE reservation information should be performed as the current step 6 of 8.1.4 in 38.214, unlike non-preferred resources of step 6b. In addition, resource exclusion from a set SA based on LTE half-duplex slot should also be performed as the current step 5.

Proposal 2:  [bookmark: OLE_LINK2]
· NR-SL module performs resource exclusion as in step 5 and as in step 6 based on information shared from LTE-SL module.

2.2. Sharing parameters
	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


In the last meeting, RAN1 came up with the candidate information shared by the LTE SL module to NR SL module as the above agreement. 
Which candidate information to use in NR SL module is depending on how to behave in NR SL module, so we classify the LTE parameters by the usage below: 
· For avoiding conflict with other UEs’ LTE transmissions
· When NR PHY performs resource exclusion using LTE info.
· [bookmark: _Hlk118201598]Time and frequency locations of reserved resources by other LTE UEs, determined based on decoded SCIs
· SL RSPR measurements results
· Resource reservation periods based on decoded SCI
· Priority based on decoded SCI
· SL RSSI measurements
· When NR MAC performs resource selection using LTE info
· Candidate resource set S_A or S_B
· For avoiding in-device collision
· Resource reservation periods for own LTE SL transmissions
· Priority for own LTE SL transmissions
· Time and frequency location of resources (to be) used for own LTE SL transmissions
· For any methods
· LTE logical subframe related information
Here, the LTE resource exclusion step for ranking remaining resources by using as mentioned in section 2.1, we support PHY level resource determination, so we propose below:

Proposal 3:  [bookmark: OLE_LINK4]
· For dynamic resource pool sharing, NR SL module uses following parameters shared by the LTE SL module to NR SL module to be used in its own resource exclusion
· Time and frequency locations of reserved resources by other LTE UEs, determined based on decoded SCIs
· SL RSPR measurements results
· Resource reservation periods based on decoded SCI
· Priority based on decoded SCI
· LTE logical subframe related information

If NR module can perform resource exclusion based on LTE information shared from LTE module, both resource exclusions based on other UEs’ reservation information and its own LTE transmission would be applicable and hence both should be performed. If 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, is extended as follows.

Proposal 4:  [bookmark: OLE_LINK5]
· For dynamic resource pool sharing, NR SL module uses following parameters shared by the LTE SL module to NR SL module to be used in its own resource exclusion
· Resource reservation periods for own LTE SL transmissions
· Priority for own LTE SL transmissions
· Time and frequency location of resources (to be) used for own LTE SL transmissions

Proposal 5:  [bookmark: OLE_LINK6]
· For dynamic resource pool sharing, NR SL module excludes overlapping with its own LTE transmission in time domain.
· FFS: how to handle the case where this exclusion results in an insufficient set of resources

2.3. Sharing timeline
	Agreement
For dynamic resource pool sharing, the NR SL module is expected to use the information shared by the LTE SL module to the NR SL module which is known by NR SL module at the latest T ms prior to slot n (as defined in clause 8.1.4 of TS 38.214), to determine a set of resources for its own (re)transmission.
· T is defined using 
· T≤Tmax ms, and is based on UE implementation, according to the Rel-16 NR SL timeline for in-device coexistence.
· FFS: Value of Tmax
· FFS: any discussion on the earliest information, if needed


RAN1 agreed to the above statement but this agreement seems to only mean that the NR module processing time is equal to or less than Tmax. We think that the mention of “according to the Rel-16 NR SL timeline for in-device coexistence” only is not still clear and sufficient. 
We believe that more importantly RAN1 makes sure LTE module provides meaningful information (not too old) so that NR module determines resources properly not to collide with LTE transmission. In the current agreement, NR module may use too old and useless LTE information, which causes unproper resource determination as shown in below figure. Defining how early (old) information can be used for NR PSSCH resource selection triggered at slot n is an essential feature.
[image: ]
Figure 1: The image of the current agreement

Observation 1: [bookmark: OLE_LINK7]
· In the current agreement, NR SL module may use too old and useless LTE information, which causes unproper resource determination in the NR SL module.

On how to ensure using LTE information shared as later as possible, the best way would be different between periodic traffic and aperiodic traffic. For periodic traffic, LTE module is expected to provide information after n-Tvalid, where Tvalid is the maximum value that how early LTE information can be used in NR module. Meanwhile, for aperiodic traffic, a possible way would be that periodic information sharing from LTE module regardless of existence of aperiodic traffic because information sharing prior to slot n is impossible for aperiodic traffic if n is timing of packet generation or latency performance degrades if n is timing obtaining LTE information. 

Proposal 6:  [bookmark: OLE_LINK10]
· For periodic NR traffic, introduce a valid time of LTE information (Tvalid) and the NR SL module is expected to use LTE information shared at n-Tvalid or later
· For aperiodic NR traffic, introduce periodicity (Px) and the NR SL module is expected to use the latest information among information shared in a periodic manner with Px or information shared at different timing (if any)
[image: ][image: ]
Figure 2: The image for periodic NR traffic (left) and for aperiodic NR traffic (right)

2.4. AGC issue between different frame structures
Before proceeding the main issues to handle PSFCH and higher SCS with dynamic resource pool, we’d like to clarify the AGC issue between the frames with different symbol structures. For LTE resource pool and NR resource pool configure with 15kHz SCS and PSFCH, the structures of the LTE subframes and the NR slots configured as PSFCH slots are obviously different as shown in following figure. In this situation, there is the possibility that a lot of NR PSSCH/PSCCH are transmitted in the 1st symbol to 10th symbols, on the other hand, no or few NR PSFCH transmission is occurred in the 11th-14th symbols, then the total received power decreases sharply from 11th symbol. NR SL UE can perform AGC in 11th symbol to receive following symbols, although LTE SL UE cannot. We think clarification on whether LTE SL UE can properly receive and decode the late symbols in these situations or not is necessary.

Proposal 7:  [bookmark: OLE_LINK11]
· RAN1 should make common understanding whether the symbols whose power lower than AGC symbol in one slot, cause AGC issue or not
· If the above leads to AGC issue, for study on how to overcome AGC issue with PSFCH slots, RAN1 should consider the case where PSFCH is not transmitted in a PSFCH slot.

[image: ]
Figure 3: The frame structure difference between LTE and NR with PSFCH resources

2.5. [bookmark: _Hlk118112851]PSFCH transmission handling
	[bookmark: _Hlk111033609]Proposal 1-1 (V):
· For dynamic resource pool sharing, in NR SL resource pools with PSFCH configured and when HARQ-ACK is enabled, the NR SL UE avoids PSFCH transmissions in time slots that overlap with subframes used for LTE SL transmissions (Alt 1).
· At least the PSCCH/PSSCH RX UE does not transmit on PSFCH resources that overlap with LTE SL transmissions in the time domain.
· FFS: The PSCCH/PSSCH TX UE avoids selecting resources for PSCCH/PSSCH transmissions with corresponding PSFCH resources that overlap with LTE SL transmissions in the time domain.
· FFS details.
· FFS: NR SL UEs use a periodically repeating set of PSFCH slots (Alt 2).
· Within these periodically repeating slots, the NR SL UE may be optionally (pre-)configured with the following options:
· The PSCCH/PSSCH TX UE avoids selecting resources for PSCCH/PSSCH transmissions with corresponding PSFCH resources that overlap with LTE SL transmissions in the time domain, or
· The PSCCH/PSSCH RX UE does not transmit on PSFCH resources that overlap with LTE SL transmissions in the time domain, or
· Both.
· Determine details including 
· Periodicity of the basic set of PSFCH slots and the location (in time) of PSFCH slots within the basic set.
· FFS: whether/how to handle the case where the RX UE has a PSCCH/PSSCH transmission in the same time slot as a PSFCH transmission, in the overlapping slot with an LTE SL transmission.


RAN1 discussed how to handle PSFCH transmission overlapped with LTE SL transmission in dynamic resource pool sharing and above FL’s proposal [2] was made but we could not reach an agreement.
The proponents for Alt2 seem to be on basis of the Alt 1 simulation results shared in qualcomm’s contributions [3], but we wonder whether resources shared by LTE module are excluded, considering LTE RSRP and LTE priority or just ALL resources shared by LTE module are excluded.
We believe that all NR resource exclusion considering LTE transmission should take LTE RSRP and priority into account so that LTE and NR reserving resources are treaded fair, which results in balanced LTE and NR performance improvement.
In Alt1, there are several options for 1) whether TX UE or RX UE should perform the overlap avoidance between NR PSFCH and LTE SL transmissions, and 2) whether to consider LTE RSRP/priority or not, respectively. We discuss these options below.
Firstly, regarding 1), we believe that both TX UEs and RX UEs should perform the overlap avoidance. When TX UEs do that, the resulting delay would be shorter by TX UEs selecting PSSCH resources not to drop HARQ feedback in RX UEs compared to cases where RX UEs perform something to avoid the conflict, e.g., just drop.  At the same time, introducing RX UEs behavior is necessary because RX UEs may have additional LTE information that TX UEs do not considered due to hidden node issue and/or time lag of LTE information between TX UE and RX UE.
Then, for 2), all UEs should take LTE RSRP/priority into account. As mentioned above, whether to use or exclude LTE reserved resources should be determined by using their RSRP and priority to achieve balanced performance of LTE and NR. This perspective would be valid for both TX UEs and RX UEs, thus the overlap avoidance mechanisms introduced for TX UE side and RX UE side should be defined as LTE RSRP/priority-based mechanisms.

Proposal 8:  
· PSSCH/PSCCH TX UE avoids selecting resources for PSCCH/PSSCH transmissions with corresponding PSFCH resources that overlap with LTE SL transmissions in the time domain considering LTE RSRP/priority
· PSCCH/PSSCH RX UE does not transmit on PSFCH resources that overlap with LTE SL transmissions in the time domain considering LTE RSRP/priority. 

If there are still much performance degradation even when LTE RSRP/priority are considered to exclude resources shared by LTE module, we are ok to consider the principle that NR transmissions are concentrated on limited slots configured as PSFCH resources.

2.6. Higher Subcarrier spacing handling
	Proposal 1-5 (V):
· For dynamic resource pool sharing, the following options are studied to resolve the AGC issue in LTE SL UEs if higher SCSs are supported:
· Option 1: Use of multi-slot transmissions or slot aggregation, where the NR SL transmissions of higher SCSs occupy all symbols (across multiple time slots) within a LTE SL subframe of 15 kHz at least when the NR SL transmission overlaps an LTE SL transmission.
· Option 2: NR SL UE transmits LTE SCIs (SCI format 0 or 1), indicating resources reserved by NR SL transmissions, informing the LTE SL Ues about the resource reservations used by NR SL Ues.
· 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.
· Other options are not precluded, including combination of more than one option.


In the last meeting, 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. Main concerns regarding option1 and 3 seem to be much spec. impact and resource inefficiency respectively. 
We do not agree to option 1 due to much spec. impact. In addition, option 1 means that duration of each transmission is the same as that in 15kHz SCS. Motivation to use higher SCS becomes unclear.
Meanwhile, we agree to option 3 with some modification. If the symbols whose power is lower than AGC symbol in one slot do not impact on AGC mentioned in section 2.4, we think that NR transmissions with higher SCS at the first slot can be allowed even if the slot is overlapped with LTE transmission in only time domain. This can resolve the resource inefficiency of Option 3.

Proposal 9:  [bookmark: OLE_LINK12]
· Support Option 3 with following modifications (if symbols whose power is lower than AGC symbol are allowed):
· For NR slots where the starting symbol is not aligned with a LTE slot, 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 in time domain. 
· For NR slots where the starting symbol is aligned with a LTE slot, 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 in time and frequency domain.

[image: ]
Figure 4: NR first slots overlapping in only time domain with 30kHz(higher) SCS are allowed to be transmitted

2.7. Inter-UE coordination at device Type A
In the last meeting, the topic of inter-UE coordination was not treated until the end but RAN1 has not concluded that inter-UE coordination was deprioritized, and we think this scheme is useful.
Given the concept of inter-UE coordination in Rel17 SL, it is desirable for SL UEs to coordinate with each other, using as much information as possible that their own devices have. Therefore, Rel18 type A devices that have both LTE module and NR module that can get LTE reservation information should be able to use LTE reservation information in IUC as well as NR information.
Concretely in IUC scheme2 when Rel18 type A device detected that the resources indicated by LTE information shared by own LTE module and the resources detected by own NR module are overlapped, the collision is notified to the other Rel18 SL UE reserving overlapping resources. In IUC scheme1, when Rel18 SL UE transmits data to another Rel18 SL UE or is requested by another Rel18 SL UE, LTE reservation and/or LTE half-duplex information shared from its own LTE module is also taken into account to inform preferred/non-preferred resources. These coordination schemes will be useful to mitigate the collision due to hidden-node issue and/or half-duplex issue same as Rel17 IUC schemes to increase LTE/NR reliability in dynamic sharing resource pool.

Proposal 10:  [bookmark: OLE_LINK13]
· For dynamic resource pool sharing, LTE-SL reservation information is used for IUC scheme 1 and scheme 2.
[image: ]
Figure 5: The image of IUC schme2 using LTE reservation info.

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

Proposal 1:  
· Support PHY level resource determination (Alt1)
Proposal 2:  
· NR-SL module performs resource exclusion as in step 5 and as in step 6 based on information shared from LTE-SL module.
Proposal 3:  
· For dynamic resource pool sharing, NR SL module uses following parameters shared by the LTE SL module to NR SL module to be used in its own resource exclusion
· Time and frequency locations of reserved resources by other LTE UEs, determined based on decoded SCIs
· SL RSPR measurements results
· Resource reservation periods based on decoded SCI
· Priority based on decoded SCI
· LTE logical subframe related information
Proposal 4:  
· For dynamic resource pool sharing, NR SL module uses following parameters shared by the LTE SL module to NR SL module to be used in its own resource exclusion
· Resource reservation periods for own LTE SL transmissions
· Priority for own LTE SL transmissions
· Time and frequency location of resources (to be) used for own LTE SL transmissions
Proposal 5:  
· For dynamic resource pool sharing, NR SL module excludes overlapping with its own LTE transmission in time domain.
· FFS: how to handle the case where this exclusion results in an insufficient set of resources
Observation 1: 
· In the current agreement, NR SL module may use too old and useless LTE information, which causes unproper resource determination in the NR SL module.
Proposal 6:  
· For periodic NR traffic, introduce a valid time of LTE information (Tvalid) and the NR SL module is expected to use LTE information shared at n-Tvalid or later
· For aperiodic NR traffic, introduce periodicity (Px) and the NR SL module is expected to use the latest information among information shared in a periodic manner with Px or information shared at different timing (if any)
Proposal 7:  
· RAN1 should make common understanding whether the symbols whose power lower than AGC symbol in one slot, cause AGC issue or not
· If the above leads to AGC issue, for study on how to overcome AGC issue with PSFCH slots, RAN1 should consider the case where PSFCH is not transmitted in a PSFCH slot.
Proposal 8:  
· PSSCH/PSCCH TX UE avoids selecting resources for PSCCH/PSSCH transmissions with corresponding PSFCH resources that overlap with LTE SL transmissions in the time domain considering LTE RSRP/priority
· PSCCH/PSSCH RX UE does not transmit on PSFCH resources that overlap with LTE SL transmissions in the time domain considering LTE RSRP/priority. 
Proposal 9:  
· Support Option 3 with following modifications (if symbols whose power is lower than AGC symbol are allowed):
· For NR slots where the starting symbol is not aligned with a LTE slot, 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 in time domain. 
· For NR slots where the starting symbol is aligned with a LTE slot, 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 in time and frequency domain.
Proposal 10:  
· For dynamic resource pool sharing, LTE-SL reservation information is used for IUC scheme 1 and scheme 2.
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