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1 [bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _Ref129681832]Introduction
The objective for co-channel coexistence for LTE sidelink and NR sidelink has been updated in RAN#99 [1] as below: 
	1. [bookmark: _Ref134086999]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


The main focus of this contribution is the resource exclusion procedure, including details on each of the resource allocation steps, which is discussed in detail in Section 2. Details on how to support higher SCS and PSFCH are also discussed in Section 3 and Section 4, respectively.
[bookmark: _Ref130923273][bookmark: _Ref134087003]
2 Resource Exclusion Using Shared LTE Information for Dynamic Resource Pool Sharing
[bookmark: _Ref117710698]Sharing the LTE SL module’s sensing results with the NR SL module within a type A device for NR SL resource allocation is a reasonable and simple way to realize dynamic resource pool sharing between them. In this section, the exclusion details are discussed.
2.1 [bookmark: _Ref130829801]Exclusion of resources reserved by other LTE SL UEs
According to the agreement reached in RAN1#112bis-e [2], the LTE SL reserved resources by other LTE SL UE are excluded by the NR SL module. Details on open issues such as the (pre-)configured SL RSRP threshold list and the determination of the Q value are explored in this section. The issue of boosting SL RSRP proposed in [3] is also analyzed.
	Agreement
In NR SL resource (re)selection procedure, for dynamic resource pool sharing, the list of initial SL RSRP thresholds is separately (pre)configured (i.e., Alt 3 in the agreement of RAN1#112 meeting) for the PHY layer of NR SL module to exclude NR SL candidate resources overlapping with LTE SL reserved resources by other LTE SL UE.
· FFS: whether a different initial SL RSRP threshold list may be (pre)configured for selecting single slot resources in NR SL slots with NR PSFCH.
Agreement
In NR SL resource (re)selection procedure, for determining the LTE SL periodic reserved resources by other LTE SL UE, the formula of Q in Section 8.1.4 in TS 38.214 is used.
· FFS: whether the formula of Q in Section 14.1.1.6 in TS 36.213 is used additionally to derive the largest value between the two formulas
Note: The reservation period and the location of the LTE SL periodic reserved resources 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.

	Proposed conclusion 2-1-2 (III) (copied from FLS R1-2304178[3]):
· RAN1 does not pursue specific enhancement not to boost up the initial RSPR threshold separately (pre)configured for dynamic resource pool sharing in NR SL resource (re)selection procedure when the amount of candidate single-slot resources is not sufficient as specified in Step 7 in Section 8.1.4 of TS 38.214 in Rel-18.


The first open issue is whether a different initial SL RSRP threshold list is (pre-)configured for selecting single slot resources in NR SL slots with NR PSFCH configured. The understanding from discussions in the previous meeting is to use a higher NR SL RSRP threshold only for resources in the slot with PSFCH occasions, so that NR SL UEs are more likely to select these resources. In this way, these resources are likely to be excluded by the LTE SL UEs using the RSSI ranking procedure. However, the RSSI measured in these resources are not always high enough for the LTE SL UEs to exclude them, especially in highly congested scenarios. Additionally, more NR SL UEs are likely to select these resources with PSFCH configured, resulting in an increased possibility of NR SL resource conflicts within the PSFCH slot, thereby reducing the performance of NR SL. Furthermore, given that RAN plenary has already agreed that the NR SL UE avoids selecting resources for PSCCH/PSSCH transmissions if the corresponding PSFCH transmission occasion overlaps with an LTE SL reservation, there is no motivation to introduce a new SL RSRP threshold list only for PSFCH slots. 
Observation 1: For the exclusion of NR SL candidate resources that overlap with LTE SL reserved resources, it is unnecessary to specify a different initial SL RSRP threshold list for selecting single slot resources in NR SL slots with NR PSFCH.
· The LTE RSSI ranking procedure cannot identify and exclude all NR SL reserved resources even if another separate RSRP threshold list is used for slots with PSFCH.
· The increased NR SL resource conflicts within the PSFCH slot will reduce the performance of NR SL.

Another aspect to be considered is whether to boost up the initial RSPR threshold in Step 7 from Section 8.1.4 of TS 38.214. Since the resources that overlap with LTE SL resource reservations would result in resource collisions if they were to be used by NR SL transmissions, these resources should be exempted from the increase in the SL RSRP threshold that takes place in Step 7. If these overlapping resources are included in the candidate resource set, the differing requirements on the size of the candidate resource set in LTE SL and NR SL makes the resource collisions more probable. The former is fixed at 20% of the total number of candidate resources, and the latter is (pre-)configurable among 20%, 35%, or 50% of the total number of candidate resources. If the size of the candidate resource set is (pre-)configured to be 50%, when the check for the candidate resource set size is performed in Step 7, it is possible that the NR SL UE would have to increase the SL RSRP threshold in order to ensure a larger candidate resource set. If this increased threshold is applied to the resources that have been excluded due to their overlap with LTE SL resource reservations, it is possible that the NR SL UE would include these resources into its candidate resource set in order to fulfil its size requirement. However, other LTE SL UEs will not include these resources, because LTE SL will only increase its SL RSRP threshold if the candidate resource set size is less than 20%. Another issue that arises from this RSRP boosting is that the NR SL UE would include an overlapping resource reserved for an LTE SL transmission by an LTE SL TX UE which is far away, but the intended LTE SL RX UE is close to the NR SL UE. This would aggravate the issue of resource collisions, negatively affecting both the LTE and NR SL performance. For fairness between LTE SL and NR SL, the resources reserved by LTE SL UEs should not be included back into NR SL’s candidate resource set. Thus, the increase in the SL RSRP threshold should apply to only resources reserved by NR SL transmissions, while the resources that overlap with LTE SL resource reservations are excluded immaterial of the increased threshold.
Proposal 1: For the increase in SL RSRP threshold due to an inadequate number of candidate resources in Step 7, the SL RSRP threshold increment is only applied to resource(s) reserved by NR SL transmissions.

The next issue is how to determine the Q value used to exclude LTE SL’s reserved periodic resources. The value of Q in Step 6 is determined differently in LTE SL and NR SL, as can be seen from their respective formulas below:
	In LTE SL, Q is defined in TS 36.213 clause 14.1.1.6 as follows: 
if   and  , …; otherwise.

	In NR SL, Q is defined in TS 38.214 clause 8.1.4 as follows:
  if  and , …. Otherwise.


The problem here is that the resulting values of Q differ depending on the LTE and NR SL formulas and the periodicities used. In the above formulas, the relationship between Q in LTE SL and Q in NR SL is different when the value of the reservation period P and the selection window size varies. In order to avoid possible resource conflicts with LTE SL, the Q value in LTE SL should be used when LTE’s Q value is larger that of NR SL.
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[bookmark: _Ref134091267]Figure 1: NR SL will conflict with LTE SL when selecting resource in slot n+15 and n+35.
In Figure 1, the Q value of LTE SL is larger than that of NR SL, e.g. Q values of LTE SL and NR SL are 5 and 3 respectively. For an LTE SL SCI detected in slot n-15, the periodic reservations with q=1, q=2 and q=3 only are excluded by the NR SL exclusion procedure, while the resources in slot n+35 still belong to candidate resource set of NR SL. However, if NR SL uses these resources, NR SL’s next periodic transmission will conflict with LTE SL’s reservation at slot n+85.
Since LTE SL UEs cannot decode NR SL SCIs, they cannot identify NR SL’s resource reservations. There is also no re-evaluation nor pre-emption checking performed by LTE SL UEs. They can only rely on NR SL’s resource exclusion to avoid the potential conflict on slot n+85. If NR SL’s Q is used, the potential conflict in slot n+85 is not solved by re-evaluation nor pre-emption checking. Considering only resources according to q=1, q=2, and q=3 are excluded, NR SL’s resource selection and re-evaluation procedure will not exclude resources in slot n+35. If the NR SL UE transmit on slot n+35, the resource in slot n+85 is signaled by the NR SL SCI and pre-emption checking instead of re-evaluation is performed before transmitting on n+85. However, the NR SL pre-emption check will not exclude resources in slot n+85 if the LTE SL transmission’s priority is low. 
Thus, if the Q of NR SL is used, the NR SL UE can cause resource conflicts with the LTE SL resource reservation in slot n+85, resulting in both LTE SL’s and NR SL’s performance being negatively impacted. A simple resolution to this problem is to use the larger of the Q values derived from the LTE SL and NR SL formulas. 
Proposal 2: For determining and excluding the LTE SL periodic reserved resources based on the Q value, 
· The larger of the Q values derived from the LTE SL Q formula in Section 14.1.1.6 in TS 36.213 and NR SL Q formula in Section 8.1.4 in TS 38.214 is adopted. 

As per the agreement in RAN1, LTE SL’s logical period is considered at the NR SL module. Since one LTE SL subframe corresponds to a different number of NR SL slots under different SCS, the SCS should be considered when determine the number of logical slots. Therefore, the NR SL module should convert the reservation period indicated in an LTE SL’s SCI in logical slots as =2μ. Here,  is period in unit of microsecond,  is logical period converted from period in unit of logical slot.
Proposal 3:  For determining the LTE SL periodic reserved resources, the NR SL module converts the reservation period value into logical slots as =2μ. 

2.1.1 Simulation result for Q value determination
In order to understand the impact of selecting the NR SL Q value and the higher Q value from the NR and LTE Q formulas, the LTE SL and NR SL performance under different Q value determination methods are simulated. The simulation results using periodic traffic in an urban scenario are shown below. Evaluation assumptions are provided in Appendix A. 
Based on the simulation results of the following 2 cases, the performance gain can be observed when using a larger Q value between LTE SL and NR SL.
· Case 1: NR SL’s Q value is used for resource allocation
· Case 2: Larger Q value between LTE SL and NR SL is used for resource allocation
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Figure 2: LTE SL’s PRR performance with periodic traffic under different Q value determination methods
 [image: ]
Figure 3: NR SL’s PRR performance with periodic traffic under different Q value determination methods
Based on the simulation results shown above, the PRR performance of both LTE SL and NR SL are improved when a larger Q value between LTE SL and NR SL is used, primarily because NR SL UEs in case 2 are able to avoid future conflicts with LTE SL during its resource selection procedure. 
In addition, the communication distance gain in case 2 is significant. For the PRR at 99%, the communication distance of LTE SL is improved from 85 m to 94 m, i.e. there is a 11% improvement. Further, for NR SL’s PRR at 99%, the communication distance is improved from 79 m to 92 m with a gain of about 16%. The improved communication distance is useful for expanding the use cases of sidelink in ITS applications.
Observation 2: For determining and excluding the LTE SL periodic reserved resources based on the Q value, 
· The PRR performance of both LTE SL and NR SL are improved when a larger Q value between LTE SL and NR SL is used.
· The communication distance of a given PRR for both LTE SL and NR SL are increased when a larger Q value between LTE SL and NR SL is used.

2.2 [bookmark: _Ref130659324]Exclusion of resources associated with non-monitored LTE SL subframes
In RAN1#112bis-e, RAN1 discussed methods to exclude resources associated with non-monitored LTE SL subframes [2]. An FFS for Step 5a is left for further consideration. 
	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 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
· …


Step 5a in the resource exclusion procedure from [5] is performed in case of insufficient resources after Step 5, where the candidate resource set is reinitialized to the resource set from Step 4. Step 5a was introduced in NR SL to solve the infinite loop problem when the traffic period of NR SL is very small, where, if the number of resources after Step 5 is less than X%, it is not possible for the UE to select enough resources no matter how many times the RSRP threshold is raised in step 7.
Based on discussions in the previous meeting, it is clear that RAN1 will not distinguish non-monitored subframes due to LTE SL transmissions or non-monitored slots due to NR SL transmissions. Both of them are non-monitored time units for the UE. Similar to the technical logic of all other exclusion procedures at the NR SL side, since LTE SL UEs cannot recognize resource reservations that may be used by NR SL, it is NR SL UE's responsibility to exclude resources with a potential resource collision risk. 
We would like to highlight the effect of the period of LTE SL and the period of NR SL in Step 5a. If the current Step 5a was reused where all excluded resources are reintroduced to the set SA, it would result in the NR SL module being able to select periodic resources reserved by an LTE SL SCI on non-monitored subframes, ending in a potential resource conflict. While multiple retransmissions can mitigate the negative impact of NR SL performance degradation, it has to be borne in mind that LTE SL has at most 1 retransmission, resulting in an even greater impact to LTE SL’s performance. Moreover, the conflict cannot be avoided by any of the current resource allocation procedures of NR SL or LTE SL, nor can it be solved by the IDC mechanism in Rel-16. In other words, the procedure of reintroducing excluded resources by the NR SL UE is detrimental to the LTE SL performance.
Hence, we propose that the resources determined based on non-monitored slots and LTE SL’s periods not be put back to its candidate resource set SA in Step 5a.
Proposal 4: For excluding resources associated with non-monitored LTE SL subframes, 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.

2.3 [bookmark: _Ref130843558]Timing-related issue
In RAN1#112bis-e, RAN1 discussed the timing-related issue in the shared information from the LTE SL module. The starting LTE SL subframe and ending LTE SL subframe are separately defined with details to be down-selected. The latest time for the shared information to be known by NR SL module is defined by slot n-T [4]. 
	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 starting LTE SL subframe, we prefer option 1-1. In our understanding, the LTE SL module shares information internally with the NR SL module, and as long as the LTE SL information is relevant to the NR SL sensing window, this LTE SL SCI can be used to determine the shared information. Based on this understanding, the starting LTE SL subframe used to determine the information shared with the NR SL module should be the start of the NR SL sensing window, i.e. slot n-T0, should be reused. 
On the other hand, we do understand the need for the NR SL UE to be able to utilize LTE SL SCIs that are received outside the NR SL sensing window, but indicate resource reservations within the NR SL selection window. While this issue arises only when the shorter NR SL sensing window of 100ms is (pre-)configured, it is our understanding that it is up to network implementation to ensure that the network would not (pre-)configure longer periodicities when using the short sensing window. However, since LTE SL does not support varying sensing window sizes, we can accept the direction that the starting LTE SL subframe ought to cover all periodic values allowed in LTE SL resource pool, and hence the highest NR SL sensing window size should be considered.
For the ending LTE SL subframe, we prefer option 2-1 where T is reused as the ending LTE SL subframe. Ideally, the ending subframe should also be defined based on the end of the NR SL sensing window. However, with the value of T ms defined previously in RAN1, where T is the time by which the NR SL module knows the LTE SL shared information, the ending subframe can also be up to T ms. 
The proponents of option 2-2 suggested to add another 4ms to align with Rel-16’s IDC mechanism and factor in any potential delays in the transfer of the shared LTE sensing information. We don't think this 4ms is necessary because the Rel-16’s IDC latency is already covered by the previously defined T. In addition, in LTE SL’s resource selection procedure, it is even possible to use an SCI in slot n-1 where slot n is the time triggered for resource selection. Therefore, 4ms is an excessive and unnecessary limitation.
Proposal 5: 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_0) where Option 1-1 is used.
· The ending LTE SL subframe is no earlier than the time (n- T) where Option 2-1 is used.

3 [bookmark: _Ref134087154]Supporting 30 kHz SCS
For NR PSCCH/PSSCH transmissions in 30 kHz SCS, to avoid the AGC impact to LTE SL, RAN1 discussed several remaining issues related to the subsequent transmissions within an LTE SL subframe [2] after transmitting in the first slot.
	Agreement
For NR SL transmissions of 30kHz SCS with dynamic resource pool sharing, the power level of the NR PSCCH/PSSCH transmission in the first of NR SL slots overlapping with an LTE SL subframe is always larger than or equal to the power level(s) of the NR PSCCH/PSSCH transmission in the subsequent NR SL slot overlapping with the LTE SL subframe.
· Note: How to ensure the above condition is up to UE implementation
· FFS on whether same or different frequency allocation may be used in the second overlapping slot
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.


As per the agreement in RAN plenary, the second slot overlapping with an LTE SL subframe will not be used for transmissions on its own.  The NR SL UE will transmit on at least the first overlapping slot, and can select the subsequent slot for transmissions. Regarding the frequency allocation of resources in the subsequent slot, from the perspective of resource utilization, it makes no difference whether the frequency allocation is restricted or not as long as the number of sub-channels in both the first and subsequent slots are the same. Thus, a simple and straightforward way is to ensure the same frequency allocation at the MAC layer’s resource allocation procedure. 
On the other hand, the case where different TBs with different number of sub-channels are transmitted is very complex. Considering the limited TUs, this special case is not suggested to be discussed. We prefer that the same number of sub-channels can be ensured by UE implementation when different TBs are transmitted in the two slots overlapping with an LTE SL subframe. 
Proposal 6: For NR SL transmissions of 30 kHz SCS with dynamic resource pool sharing, the same frequency allocation is used in the second overlapping slot.
· Note: How to ensure the same number of sub-channels for two different TBs in the two slots overlapping with an LTE SL subframe is up to UE implementation.

For the second FFS regarding how the UE handles a transmission in the subsequent slot when the transmission in the first slot has been dropped or reselected, the issue shown in Figure 4 caused by the pre-emption of different TBs cannot be solved by UE implementation. From the perspective of UE1, after detecting two SCIs from UE2 pertaining to the same overlapping and reserved resources, the intended transmission in slot a is not pre-empted by UE2 due to a lower priority transmission, while the intended transmission in slot b is pre-empted by UE2 thanks to its higher priority transmission. This can result in two different transmissions from different UEs in an LTE SL subframe. 
Furthermore, in the case shown in slot c and d, a high-priority transmission by UE1 in slot d is dropped because a lower priority transmission is pre-empted by a single higher-priority transmission by UE2 in slot c, based on the current pre-emption checking mechanism. According to the agreement made in the plenary, in order to protect LTE SL from the AGC issue, UE1 cannot transmit in slot d alone, which means that the transmission in slot d will also be dropped although it has the highest priority among transmissions from UE1 and UE2. This is contrary to RAN1’s principle of protecting traffic with high priority.
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[bookmark: _Ref134196279]Figure 4: Resource in slot b alone is pre-empted, resulting in transmissions from different UEs across slots
In order to avoid the aforementioned scenarios, the conditions for pre-emption need to be further restricted. Since the design principle of sidelink is to protect transmissions with high priority, the easiest way is to consider the highest of the priorities across transmissions in both slots, which is similar to the mechanism defined in simultaneous PSFCH transmission/reception. For example, UE2 can pre-empt the resources reserved by UE1 in both slots only when the highest priority of UE2’s intended transmissions in the first and subsequent slot, if present, is higher than the highest priority of UE1’s intended transmissions across both slots. If this solution is applied in the aforementioned examples, UE1 would not be pre-empted by UE2 in any of the slots, thereby allowing UE1 to transmit the higher priority transmissions.
Proposal 7: For NR SL transmissions of 30 kHz SCS with dynamic resource pool sharing, support the case where the different TBs are transmitted on the NR SL slots overlapping with the LTE SL subframe.
· When performing the pre-emption check, a UE pre-empts the resource reservations in both slots only when the highest priority of the UE’s intended transmissions on these slots is greater than the highest priority of another UE’s intended transmissions that reserved the same resources.
4 [bookmark: _Ref134087159]Support for PSFCH
According to the agreement reached in RAN1#112bis-e [2], two potential options need to be down-selected.
	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 
· …
· The PHY layer of NR SL module applies the above procedure in Step 6 in Section 8.1.4 of TS 38.214
· ...
· 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
· …


In this section, we explore the pros and cons on each of the options agreed in the previous meeting. 
For option 1, the SL RSRP threshold condition is added on top of the NR SL UE avoiding selection of resources for PSCCH/PSSCH transmissions where the corresponding PSFCH transmission occasion overlaps with an LTE SL resource reservation (Option 1-2 from RAN1#112 and agreed in RAN#99) in order to avoid over-exclusion of resources by the NR SL UE. The basic understanding of using the RSRP threshold condition is that the PSFCH transmission by an NR SL RX UE will not affect LTE SL UEs which are located far away from the NR SL UE TX-RX pair. This condition is similar to the technical logic of introducing an RSRP threshold in the legacy NR SL resource allocation procedure in Step 6 of TS 38.214. However, it also has similar drawbacks - due to the different geographical locations of UEs, when the NR SL TX UE includes this resource overlapping resource into its candidate resource set due to a low measured RSRP value, it does not know whether the PSFCH transmission by the RX UE will affect an LTE SL UE which located near the RX UE.
The FFS for specifying another separate SL RSRP threshold in option 1 is unnecessary. For 30 kHz SCS, the proponents of this FFS argue that PSFCH occasions can overlap with the first and second half of the LTE subframe by 2 and 1 symbol, respectively. Therefore, different RSRP thresholds should be set for the two different overlap cases. Many similar overlap cases were discussed in Rel-16. For example, in the resource allocation procedure, two resources may overlap fully or partially, but the RSRP thresholds are not defined separately for these overlapping cases. Such separate RSRP thresholds for different overlapping types is over-optimized and does not need to be specified.
Observation 3: Regarding the exclusion of resources due to corresponding PSFCH occasions overlapping with LTE SL resource reservations, for option 1,
· The SL RSRP threshold is introduced to avoid over-exclusion at NR SL’s side.
· The SL RSRP threshold does not help the PSCCH/PSSCH TX UE to determine whether the PSFCH transmission by the RX UE will affect an LTE SL UE which is located nearby.
· Another SL RSRP threshold per subset of PSFCH resources is not required.

For option 2, the condition based on the SL RSRP threshold is not used. Instead, there is an FFS discussing a condition based on the priority of the LTE and NR SL transmissions. However, in our opinion, the use of a priority-based condition is flawed because if the LTE SL and NR SL UEs are in close proximity, for any priority, the conflict between the NR SL RX UE’s PSFCH transmission and the LTE SL UE’s PSCCH/PSSCH transmission will lead to saturation of received power at the LTE SL side and decoding failure at the NR SL side. This conflict degrades the performance of both LTE SL and NR SL.
Even without the priority-based condition, it suffers from similar problems as described in Section 2.2. In the case that LTE SL UEs have resource reservations in most slots, then RAN1 needs to study whether resources excluded by option 2 are reintroduced back to the set SA in Step 5a. If the current Step 5a is reused, option 2 will be much less effective and will still negatively affect the performance of LTE SL and NR SL.
Observation 4: Regarding the exclusion of resources due to corresponding PSFCH occasions overlapping with LTE SL resource reservations, for option 2,
· The priority-based condition is unnecessary in option 2 because it does not help the PSCCH/PSSCH TX UE to determine whether the PSFCH transmission by the RX UE will affect a nearby LTE SL UE. 
· RAN1 need to study the insufficient resource issue after Step 5.

5 Conclusions 
In this contribution, we discuss the co-channel coexistence issues between LTE sidelink and NR sidelink in Rel-18 sidelink evolution. For dynamic resource pool sharing, behavior and performance of LTE SL should not be impacted. We discussed the solutions for resource allocation procedures with the following observations and proposals: 
Observation 1: For the exclusion of NR SL candidate resources that overlap with LTE SL reserved resources, it is unnecessary to specify a different initial SL RSRP threshold list for selecting single slot resources in NR SL slots with NR PSFCH.
· The LTE RSSI ranking procedure cannot identify and exclude all NR SL reserved resources even if another separate RSRP threshold list is used for slots with PSFCH.
· The increased NR SL resource conflicts within the PSFCH slot will reduce the performance of NR SL.
Observation 2: For determining and excluding the LTE SL periodic reserved resources based on the Q value, 
· The PRR performance of both LTE SL and NR SL are improved when a larger Q value between LTE SL and NR SL is used.
· The communication distance of a given PRR for both LTE SL and NR SL are increased when a larger Q value between LTE SL and NR SL is used.
Observation 3: Regarding the exclusion of resources due to corresponding PSFCH occasions overlapping with LTE SL resource reservations, for option 1,
· The SL RSRP threshold is introduced to avoid over-exclusion at NR SL’s side.
· The SL RSRP threshold does not help the PSCCH/PSSCH TX UE to determine whether the PSFCH transmission by the RX UE will affect an LTE SL UE which is located nearby.
· Another SL RSRP threshold per subset of PSFCH resources is not required.
Observation 4: Regarding the exclusion of resources due to corresponding PSFCH occasions overlapping with LTE SL resource reservations, for option 2,
· The priority-based condition is unnecessary in option 2 because it does not help the PSCCH/PSSCH TX UE to determine whether the PSFCH transmission by the RX UE will affect a nearby LTE SL UE. 
· RAN1 need to study the insufficient resource issue after Step 5.
Proposal 1: For the increase in SL RSRP threshold due to an inadequate number of candidate resources in Step 7, the SL RSRP threshold increment is only applied to resource(s) reserved by NR SL transmissions.
Proposal 2: For determining and excluding the LTE SL periodic reserved resources based on the Q value, 
· The larger of the Q values derived from the LTE SL Q formula in Section 14.1.1.6 in TS 36.213 and NR SL Q formula in Section 8.1.4 in TS 38.214 is adopted. 
Proposal 3:  For determining the LTE SL periodic reserved resources, the NR SL module converts the reservation period value into logical slots as =2μ. 
Proposal 4: For excluding resources associated with non-monitored LTE SL subframes, 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.
Proposal 5: 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_0) where Option 1-1 is used.
· The ending LTE SL subframe is no earlier than the time (n- T) where Option 2-1 is used.
Proposal 6: For NR SL transmissions of 30 kHz SCS with dynamic resource pool sharing, the same frequency allocation is used in the second overlapping slot.
· Note: How to ensure the same number of sub-channels for two different TBs in the two slots overlapping with an LTE SL subframe is up to UE implementation.
Proposal 7: For NR SL transmissions of 30 kHz SCS with dynamic resource pool sharing, support the case where the different TBs are transmitted on the NR SL slots overlapping with the LTE SL subframe.
· When performing the pre-emption check, a UE pre-empts the resource reservations in both slots only when the highest priority of the UE’s intended transmissions on these slots is greater than the highest priority of another UE’s intended transmissions that reserved the same resources.
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Appendix A: Evaluation Assumptions
[bookmark: _Ref100764077]Table 1: Basic simulation assumptions for NR SL and LTE SL co-channel coexistence
	Parameter
	Assumption

	Frequency
	6 GHz

	Simulation bandwidth
	40 MHz

	RP configuration
	One RP, where 5 sub-CHs are configured, each consists of 10 PRBs. One PSSCH consists of 2 sub-CHs

	Resource allocation
	Full-sensing mode 2
For dynamic solution, assuming Rel-18 UE select resource based on the reservation information from both LTE SL and NR SL.

	Synchronization
	Ideal time frequency synchronization

	Link & cast type
	Direct vehicle-to-vehicle link, unicast; Interference is considered among V2V links.

	Antenna model
	TR 37.885 Option 1

	Deployment and UE drop
	Urban-A as defined in TR 37.885 for 500 V-UEs.

	Traffic model
	For both LTE SL and NR SL:
Low traffic intensity
· Inter-packet arrival time: 25ms
· Packet size: Pattern of {300 bytes, 190 bytes, 190 bytes, 190 bytes, 190 bytes} with random starting point for each UE
· Latency requirement: 25ms
Medium traffic intensity
· Inter-packet arrival time: 20ms
· Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
· Latency requirement: 20ms

	Retransmission
	LTE SL: 1 initial transmission + 1 blind retransmission
NR SL: 1 initial transmission + 1 HARQ-based retransmission

	Synchronization
	Ideal time frequency synchronization

	Link & cast type
	Direct vehicle-to-vehicle link, unicast; Interference is considered among V2V links.

	Antenna model
	TR 37.885 Option 1
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