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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” [2][3]. Further discussion occurred in RAN#99, RAN provided guidance [4] on (1) support of 15 and 30 kHz SCS for NR, (2) how to avoid AGC issue in case of PSFCH transmissions, and (3) only considering mode 2 operation. the objective in the WID is updated accordingly [5]:

4. 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
· RAN1 is tasked to support only 15 and 30 kHz SCSs for dynamic resource pool sharing. Existing RAN1 agreements for dynamic resource pool sharing apply to support of 30 kHz.
· For NR PSCCH/PSSCH transmissions in 30kHz SCS, NR SL UE selects in MAC layer at least the first of NR SL slots overlapping with an LTE SL subframe, and can select the subsequent overlapping NR SL slot in MAC layer
· No change to the R16/17 resource allocation procedure in PHY due to this restriction
· The existing SL slot structure from Rel-16 is unchanged
· The starting symbol of the first of the overlapping NR SL slots is assumed to be aligned with the first symbol of the LTE SL subframe
· For NR SL with 15/30kHz SCSs, NR SL UE avoids selecting resources for PSCCH/PSSCH transmissions where the corresponding PSFCH transmission occasions overlap with LTE SL reservations in time domain
· Note, this is inline with Option 1-2 in the working assumption made in RAN1#112. No other options from the working assumption need to be considered.
· Mode 2 operation only

Co-channel co-existence has been identified by the 5G Automotive Association (5GAA) [6] 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 given the agreements made in RAN1#112, and the updated WID and RAN guidance in RAN#99. 
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 and RAN#99 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). 


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

This feature (i.e., dynamic sharing of common resources between LTE SL and NR SL) should be enabled or disabled by resource pool (pre-)configuration. 
Proposal 1: Dynamic sharing of common resources between LTE SL transmissions and NR SL transmissions can be enabled or disabled by resource pool (pre)-configuration.

In LTE and in NR, the slots containing the LTE SLSS/PSBCH and the NR S-SS/PSBCH block are included in their respective resource pools. These slots should not collide with transmissions from the other RAT. In RAN1#112b-e, the following proposal was discussed but not agreed:
Updated proposal 5-1 (III):
For NR SL with dynamic resource pool sharing, UE does not expect to be (pre)configured such that overlapping in time domain between LTE SLSS/PSBCH and NR SL resource pool and overlapping in time domain between NR S-SSB and LTE SL resource pool are present

By (pre-)configuration The LTE and NR resource pools can be configured in such a way that the bitmap of a resource pool of a first RAT (e.g., NR) excludes the slots containing the sync channels of the other RAT (e.g., LTE) and vice versa. Therefore, we suggest agreeing to proposal 5-1 from RAN1#112b-e
Proposal 2: For NR SL with dynamic resource pool sharing, UE does not expect to be (pre)configured such that overlapping in time domain between LTE SLSS/PSBCH and NR SL resource pool and overlapping in time domain between NR S-SSB and LTE SL resource pool are present.
Furthermore, a UE with an NR SL module and an LTE SL module, can have a common sync source for LTE and NR to ensure slot/subframe alignment between the two RATs. It would seem natural to prioritize the LTE sync source so as to not negatively impact other LTE SL UEs.
Observation 2: A UE with an NR SL module and an LTE SL module can prioritize the LTE sync source so as to not negatively impact LTE SL UEs. 
A Rel-18 NR SL device (Type-A device) can consist of two modules as illustrated in Figure 4, 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. There are several design aspects to consider for sharing information between LTE SL module and NR SL module:
1. How the information is shared, for example what triggers sending information from the LTE SL module to the NR SL module.
2. The type of information shared between the LTE SL module and the NR SL module.
3. Timing for sharing such information.
4. How the shared information is used by the NR SL module.
In this section, we consider the remaining design aspects from RAN1#112b-e.
Timing for sharing information from the LTE SL module to the NR SL module:
In RAN1#112b-e, the following agreement was reached for the start and end of the LTE sending window (see Figure 3).

Agreement
The NR SL module uses the information from the starting LTE SL subframe to the ending LTE SL subframe in the shared information from the LTE SL module.
· The starting LTE SL subframe is no later than the time (n-T_start)
· n is the time where NR module triggers its NR SL resource (re)selection procedure as defined in clause 8.1.4 of TS 38.214
· Down-selection one of followings for T_start:
· Option 1-1: T_start is T_0 as defined in clause 8.1.4 of TS 38.214
· Option 1-2: T_start is 1100ms
· Option 1-3: T_start is up to UE implementation
· The ending LTE SL subframe is no earlier than the time (n-T_valid2)
· Down-selection one of followings for T_valid2:
· Option 2-1: T_valid2 is T
· Option 2-2: T_valid2 <= T+4ms
· Option 2-3: T_valid2 is up to UE implementation

For the start of the sensing window , leaving this to UE implementation could lead to degraded performance if a small value is selected by the UE. Therefore, it is reasonable to follow  of NR (Option 1-1), with  properly pre-configured.  
Proposal 3: The starting LTE SL sensing subframe is no later than the time , where  is  as defined in clause 8.1.4 of TS 38.214.

Similarly, for the end of the sending window , leaving this to UE implementation could lead to degraded performance if a small value is selected by the UE. We think that it is reasonable to have  larger than  to leave some processing time available to the UE from the end of the sensing window to the time the information is made available to the NR module.

Proposal 4: The ending LTE SL sensing subframe is no earlier than the time , where .



[bookmark: _Ref118204302]Figure 3: Timing for sharing information from LTE SL module to NR SL module.


How NR SL module uses the shared information
Regarding subframes that are non-monitored on the LTE SL interface, the following agreement was made to exclude NR SL candidate resources corresponding to non-monitored subframes:
Agreement
In NR SL resource (re)selection procedure, the PHY layer of NR SL module excludes NR SL candidate resources overlapping with LTE SL resources associated with non-monitored subframe (in which UE has not monitored due to its transmission) in LTE SL module 
· For determining the LTE SL resources associated with non-monitored subframe of LTE SL module, 
· All the LTE SL resources in the non-monitored subframes are assumed to be repeatedly reserved Q times for each LTE SL resource reservation period (pre)configured in a LTE SL resource pool
· The same formula of Q for determining the LTE SL periodic reserved resources by other SL UE is used
· Note: The reservation period and the location of the LTE SL resources repeated Q times in the above procedure are determined based on the set of LTE SL logical subframe that may belong to LTE SL resource pool as specified in TS 36.213
· The PHY layer of NR SL module applies the above procedure in Step 5 in Section 8.1.4 of TS 38.214
· FFS: whether the set SA is initialized to the set of all the candidate single-slot resources excluding NR SL candidate resources overlapping with LTE SL resources associated with non-monitored subframes when the amount of candidate single-slot resources is not sufficient as specified in Step 5a in Section 8.1.4 of TS 38.214
· Note: For periodic resource reservation of NR SL transmission, the PHY layer of NR SL module further excludes all NR SL candidate resources in NR SL slots that overlap with LTE SL resource pool where NR SL periodic resources are overlapping with LTE SL resources associated with non-monitored subframes of LTE SL module according to Step 5 in Section 8.1.4 of TS 38.214
· Note: The NR SL module excludes NR SL candidate resources overlapping with NR SL resources (including NR SL resource reservation period(s) (pre)configured in a NR SL resource pool) associated with non-monitored slot as specified in Section 8.1.4 of TS 38.214 (i.e., NR SL slot in which UE has not monitored due to its own transmission), which is the existing Rel-16/17 NR SL behavior
· Note: It is assumed that the information relevant to LTE SL resources associated with non-monitored subframe of LTE SL module used in the above procedure is shared from LTE SL module to NR SL module

An open point remaining in this agreement is how to handle the case when after resource exclusion, the remaining candidate single-slot resources is not sufficient as specified in Step 5a in Section 8.1.4 of TS 38.214. In this case, we propose following the existing behaviour, i.e., the set SA is initialized to the set of all the candidate single-slot resources as in step 4.
[bookmark: _GoBack]Proposal 5: After performing resource exclusion due to non-monitored LTE sub-frames, if the amount of candidate single-slot resources is not sufficient as specified in Step 5a in Section 8.1.4 of TS 38.214, follow existing behavior, i.e., the set SA is initialized to the set of all the candidate single-slot resources as in step 4.
In addition to using the shared resources for its own transmission, a UE can use the shared resources for inter-UE co-ordination.  The following schemes can be used:
· 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: In addition to using the shared information to determine the set of resources for its own SL transmission, the UE may use the shared information for:
· Scheme 1 inter-UE co-ordination.
· Scheme 2 inter-UE co-ordination.



[bookmark: _Ref101281552]Figure 4: SL device consisting of an NR SL module and LTE SL module.
Support of higher SCS:
The RAN plenary provided the following guidance [5]:
· RAN1 is tasked to support only 15 and 30 kHz SCSs for dynamic resource pool sharing. Existing RAN1 agreements for dynamic resource pool sharing apply to support of 30 kHz.
· For NR PSCCH/PSSCH transmissions in 30kHz SCS, NR SL UE selects in MAC layer at least the first of NR SL slots overlapping with an LTE SL subframe, and can select the subsequent overlapping NR SL slot in MAC layer
· No change to the R16/17 resource allocation procedure in PHY due to this restriction
· The existing SL slot structure from Rel-16 is unchanged
· The starting symbol of the first of the overlapping NR SL slots is assumed to be aligned with the first symbol of the LTE SL subframe

In RAN1#112b-e, it was agreed, for NR SL operating at 30 kHz SCS, that the power-level, in the first NL SL slot overlapping an LTE sub-frame is larger than or equal to the power level in the second slot. However, there is an open point on whether the frequency allocation in the second slot should be the same or can be different from that of the first slot. We don’t see a need to have the same frequency allocation in the two slots. Therefore, the frequency allocation in the second slot can be up to the UE’s implemention
Proposal 7: For NR SL transmissions of 30kHz SCS with dynamic resource pool sharing, the frequency allocation in the second overlapping slot is up to the UE’s implementation.

In RAN1#112b-e, it was agreed that when the same TB is transmitted on the NR SL slots overlapping with the LTE SL subframe, it is up to UE implementation how to avoid transmitting NR PSCCH/PSSCH only in the subsequent NR SL slot overlapping with an LTE SL subframe. However, the case of different TBs transmitted on the NR SL slots overlapping with the LTE SL subframe and the NR SL transmission in the first overlapping NR SL slot is dropped or reselected.

Agreement
When the same TB is transmitted on the NR SL slots overlapping with the LTE SL subframe, it is up to UE implementation how to avoid transmitting NR PSCCH/PSSCH only in the subsequent NR SL slot overlapping with an LTE SL subframe according to RAN#99’s agreement for NR PSCCH/PSSCH transmissions of 30kHz SCS with dynamic resource pool sharing
· FFS: whether/how to differently handle the case when different TBs are transmitted on the NR SL slots overlapping with the LTE SL subframe and the NR SL transmission in the first overlapping NR SL slot is dropped or reselected.

If the transmission in the first slot is dropped or reselected to a different slot, subsequent transmissions of another TB in slots overlapping the same subframe can be handled by the UE’s implementation.
Proposal 8: For NR SL transmissions of 30kHz SCS with dynamic resource pool sharing, if the transmission in the first slot overlapping an LTE subframe is dropped or reselected, transmissions of another TB in slots overlapping the same subframe can be handled by the UE’s implementation.
Furthermore, when an LTE transmission in a subframe overlaps, in time, 2 NR slots at the 30 KHz, the NR SL module can transmit either in the first slot only or in both the first slot and the second slot. We can introduce a parameter that controls whether the UE can transmit the first slot only or in both slots.
Proposal 9: For dynamic resource pool sharing, to resolve the AGC issue in LTE SL UEs which is caused by NR SL PSCCH/PSSCH transmissions in a 30 kHz resource pool, a parameter is introduced to determine, when an NR transmission overlaps, in time, an LTE transmission in an LTE subframe whether,
· The NR transmission can be only in the first slot that overlaps the LTE subframe.
· The NR transmission is in both slots that overlap the LTE subframe, with the same power level in both slots.
Support of PSFCH:
The RAN plenary provided the following guidance [5]:
· For NR SL with 15/30kHz SCSs, NR SL UE avoids selecting resources for PSCCH/PSSCH transmissions where the corresponding PSFCH transmission occasions overlap with LTE SL reservations in time domain
· Note, this is inline with Option 1-2 in the working assumption made in RAN1#112. No other options from the working assumption need to be considered.

RAN1#112b-e discussed the handling of overlap of PSFCH transmissions with LTE SL reserved resources and agreed to down-select in RAN1#113 based on two options:
Agreement
In NR SL resource (re)selection procedure, the PHY layer of NR SL module excludes NR SL candidate resources where the corresponding PSFCH transmission occasions overlap with LTE SL reserved resources by other LTE SL UE in time domain, Down-selection one of followings:
· Option 1: 
· When the SL RSRP value associated with the LTE SL reserved resources is higher than a SL RSRP threshold, where the SL RSRP threshold is derived based on LTE SL priority of other LTE SL UE and NR SL priority for NR SL transmission
· The list of the above initial SL RSRP thresholds is separately (pre)configured
· FFS: whether this initial SL RSRP threshold list can be (pre)configured per subset of PSFCH resources 
· For determining the LTE SL periodic reserved resources by other LTE SL UE, 
· Reuse the same mechanism as in NR SL resource (re)selection procedure excluding NR SL candidate resources overlapping with LTE SL reserved resources by other LTE SL UE
· The PHY layer of NR SL module applies the above procedure in Step 6 in Section 8.1.4 of TS 38.214
· Note: For periodic resource reservation of NR SL transmission, the PHY layer of NR SL module further excludes NR SL candidate resources of NR SL periodic resources when the corresponding PSFCH transmission occasions are overlapping with LTE SL reserved resources by other LTE SL UE and the SL RSRP value associated with the LTE SL reserved resources is higher than a SL RSRP threshold according to condition c in Step 6 in Section 8.1.4 of TS 38.214
· Note: It is assumed that the information relevant to LTE SL reserved resources by other LTE SL UE used in the above procedure is shared from LTE SL module to NR SL module
· Option 2: 
· For determining the LTE SL periodic reserved resources by other LTE SL UE, 
· Reuse the same mechanism as in NR SL resource (re)selection procedure excluding NR SL candidate resources overlapping with LTE SL reserved resources by other LTE SL UE
· The PHY layer of NR module applies the above procedure in Step 5 in Section 8.1.4 of TS 38.214
· FFS: whether to apply the above procedure based on the priority of the LTE SL reserved resources and/or the priority of the NR SL transmission
· Note: For periodic resource reservation of NR SL transmission, the PHY layer of NR SL module further excludes NR SL candidate resources of NR SL periodic resources when the corresponding PSFCH transmission occasions are overlapping with LTE SL reserved resources by other LTE SL UE in time domain according to Step 5 in Section 8.1.4 of TS 38.214.
· Note: It is assumed that the information relevant to LTE SL reserved resources by other LTE SL UE used in the above procedure is shared from LTE SL module to NR SL module

Based on RAN’s guidance, the “NR SL UE avoids selecting resources for PSCCH/PSSCH transmissions where the corresponding PSFCH transmission occasions overlap with LTE SL reservations in time domain”, this is based on option 2 with no further application of a threshold. It should also be noted that exclusion is performed due to overlapping of PSFCH transmissions with LTE resources, but the UE performing the exclusion is not the UE transmitting the PSFCH resource rather it is the UE receiving the PSFCH. In some scenarios, the LTE transmission can be from a UE close to the UE transmitting the PSFCH, but further away from the UE receiving the PSFCH, if exclusion is done based on RSRP at the UE receiving the PSFCH and that resource is not excluded (low RSRP), performance can be degraded at other UEs closer to the LTE UE and the UE transmitting the PSFCH.
Proposal 10: In NR SL resource (re)selection procedure, the PHY layer of NR SL module excludes NR SL candidate resources where the corresponding PSFCH transmission occasions overlap with LTE SL reserved resources by other LTE SL UE in time domain following option 2.

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: Dynamic sharing of common resources between LTE SL transmissions and NR SL transmissions can be enabled or disabled by resource pool (pre)-configuration.
Proposal 2: For NR SL with dynamic resource pool sharing, UE does not expect to be (pre)configured such that overlapping in time domain between LTE SLSS/PSBCH and NR SL resource pool and overlapping in time domain between NR S-SSB and LTE SL resource pool are present.
Observation 2: A UE with an NR SL module and an LTE SL module can prioritize the LTE sync source so as to not negatively impact LTE SL UEs. 
Proposal 3: The starting LTE SL sensing subframe is no later than the time , where  is  as defined in clause 8.1.4 of TS 38.214.

Proposal 4: The ending LTE SL sensing subframe is no earlier than the time , where .

Proposal 5: After performing resource exclusion due to non-monitored LTE sub-frames, if the amount of candidate single-slot resources is not sufficient as specified in Step 5a in Section 8.1.4 of TS 38.214, follow existing behavior, i.e., the set SA is initialized to the set of all the candidate single-slot resources as in step 4.
Proposal 6: In addition to using the shared information to determine the set of resources for its own SL transmission, the UE may use the shared information for:
· Scheme 1 inter-UE co-ordination.
· Scheme 2 inter-UE co-ordination.
Proposal 7: For NR SL transmissions of 30kHz SCS with dynamic resource pool sharing, the frequency allocation in the second overlapping slot is up to the UE’s implementation.
Proposal 8: For NR SL transmissions of 30kHz SCS with dynamic resource pool sharing, if the transmission in the first slot overlapping an LTE subframe is dropped or reselected, transmissions of another TB in slots overlapping the same subframe can be handled by the UE’s implementation.
Proposal 9: For dynamic resource pool sharing, to resolve the AGC issue in LTE SL UEs which is caused by NR SL PSCCH/PSSCH transmissions in a 30 kHz resource pool, a parameter is introduced to determine, when an NR transmission overlaps, in time, an LTE transmission in an LTE subframe whether,
· The NR transmission can be only in the first slot that overlaps the LTE subframe.
· The NR transmission is in both slots that overlap the LTE subframe, with the same power level in both slots.
Proposal 10: In NR SL resource (re)selection procedure, the PHY layer of NR SL module excludes NR SL candidate resources where the corresponding PSFCH transmission occasions overlap with LTE SL reserved resources by other LTE SL UE in time domain following option 2.
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