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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. 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


Based on discussions in RAN#99, it has been agreed to support 15 and 30 kHz SCS, with the resource selection procedure for overlapping NR SL time slots being handled in the MAC layer. Hence, this topic is not discussed in our contribution. The main focus of this contribution is the resource exclusion procedure, which is discussed in detail in Section 2.
2 [bookmark: _Ref130923273]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#112 [3], 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.
	Agreement
In NR SL resource (re)selection procedure, option 1 is adopted for how to determine candidate resource set for NR SL considering the LTE SL reserved resources by other LTE SL UE 
· Option 1: The PHY layer of NR SL module excludes NR SL candidate resources overlapping with LTE SL reserved resources by other LTE SL UE 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
· For the list of the above initial SL RSRP threshold, down-select one of followings:
· Alt 1: NR SL RSRP threshold list (pre)configured in a NR SL resource pool
· Alt 2: LTE SL RSRP threshold list (pre)configured in a LTE SL resource pool
· Alt 3: SL RSRP threshold list separately (pre)configured for dynamic resource pool sharing
· Alt 4: SL RSRP threshold list separately (pre)configured for dynamic resource pool sharing
· A different SL RSRP threshold list may be (pre)configured for selecting single slot resources in NR SL slots with NR PSFCH
· For the LTE SL periodic reserved resources by other LTE SL UE, 
· For determining the above LTE SL reserved resources, the time-and-frequency resources of LTE SL reserved resources by other LTE SL UE are repeated Q times according to the LTE SL resource reservation period
· FFS details including at least whether the formula of Q in Section 14.1.1.6 in TS 36.213 or the formula of Q in Section 8.1.4 in TS 38.214 is used 
· …
· FFS whether/how LTE SL RSRP is applied 


The first open issue is how to determine the RSRP threshold used to exclude LTE SL’s reservation. It is pertinent for the SL RSRP threshold list to be selected such that it does not negatively affect the performance of LTE SL transmissions. A straightforward way to do so is to select Alt 2, where the LTE SL RSRP threshold list is used in order to ensure that the NR SL UEs do not select resources that are already reserved by LTE SL UEs. Another way to avoid a negative impact on LTE SL performance, and take the solution one step further, is Alt 3, where a separate SL RSRP list is (pre-)configured. This is with the understanding that it would be up to the gNB/operator to (pre-)configure the list such that it could use the NR SL RSRP threshold list or the LTE SL list. This would make the solution future-proof, giving flexibility in (pre-)configuring the SL RSRP threshold list based on the prevalent traffic ratio between LTE and NR SL UEs. If higher LTE SL traffic is present, which is the case in existing deployments, the UE could be (pre-)configured with the LTE SL RSRP threshold list, ensuring that resources selected by the NR SL module do not collide with LTE SL resource reservations.
For Alt 1, it is possible that the NR SL RSRP threshold list is (pre-)configured to be higher or lower than the LTE SL threshold list. When the NR SL module uses this list for excluding LTE SL resource reservations, the former would negatively impact LTE SL performance due to the NR SL module selecting resources reserved for LTE SL transmissions, while the latter would starve the NR SL module of candidate resources, resulting in a negative impact on the NR SL performance.
For Alt 4, 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. 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 transmissions. 
Observation 1: For the exclusion of NR SL candidate resources that overlap with LTE SL reserved resources
· Alt 1 negatively impacts the LTE SL and NR SL performance depending on whether the NR SL RSRP threshold values are higher or lower than the LTE thresholds, respectively.
· For Alt 4, the LTE RSSI ranking procedure cannot identify and exclude all NR SL reserved resources if a separate RSRP threshold list is used for slots with PSFCH.
Proposal 1: For the exclusion of NR SL candidate resources that overlap with LTE SL reserved resources, a separate SL RSRP threshold list is (pre-)configured for dynamic resource pool sharing (Alt 3), with the understanding that it is possible to achieve a (pre-)configuration equivalent to the NR SL or LTE SL threshold lists.

Another aspect to be considered when (pre-)configuring the SL RSRP threshold list is the case where there are an inadequate number of candidate resources in Step 7 of the resource exclusion procedure in TS 38.214 [8]. 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. In other words, 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 2: 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 are determined differently in LTE SL and NR SL as following:
	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 differs depending on the LTE and NR SL formulas and the periodicities used. In the case where the Q value of LTE SL is smaller than that of NR SL, e.g. Q values of LTE SL and NR SL are 2 and 3 respectively in Figure 1, then periodic reservations with q=1 and q=2 only are excluded by the legacy LTE SL exclusion procedure, because LTE SL UEs will only exclude periodically reserved resources that are within its selection window. However, the LTE SL UE would still use q=3 and later periodic occasions to transmit periodically, and since the selection window length of NR SL is determined differently from that of LTE SL, it is up to the NR SL UE to ensure that q=3 is excluded from its candidate resource set SA as long as it is within the NR SL selection window. If the LTE SL formula is used, periodic reservations with q=3 (marked with yellow box) still remain in the NR SL candidate resource set,  resulting in a potential resource conflict if the NR SL UE transmits on this resource. 
[image: ]
Figure 1: Value of Q in LTE SL is smaller than that in NR SL
It is also possible that the Q value from the LTE SL formula is greater than that of the NR SL formula. Hence, the value of Q in LTE SL and NR SL are different when the relationship between the reservation period P and the selection window size varies, which could result in resource collisions. 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 3:  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. 

2.2 [bookmark: _Ref130659324]Exclusion of resources associated with non-monitored LTE SL subframes
In RAN1#112, RAN1 discussed potential methods to exclude resources associated with non-monitored LTE SL subframes [5]. Two options as following were under consideration. 
	Draft proposal 2-3(II) (copied from FLS R1-2301855 [5]):
· In NR SL resource (re)selection procedure, down-select one of followings for how to determine candidate resource set for NR SL considering the LTE SL resources associated with non-monitored subframe of LTE SL module
· Option 1:
· The PHY layer of NR SL module excludes NR SL candidate resources overlapping with LTE SL resources associated with non-monitored subframe of 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
· FFS details including at least whether the formula of Q in Section 14.1.1.6 in TS 36.213 or the formula of Q in Section 8.1.4 in TS 38.214 is used.
· …
· Option 2:
· The PHY layer of NR SL module does not perform NR SL candidate resource exclusion based on the information regarding LTE SL resources associated with non-monitored subframe of LTE SL module



Option 1 was thoroughly discussed in the last meeting, and it is a reasonable direction to prevent NR SL UEs from selecting any resources associated non-monitored subframes of the LTE SL module. Since the LTE SL module has not monitored resources in this subframe, it has not received SCIs from other UEs that may be using these resources, and hence it is best for the UE to avoid selecting these resources. On the other hand, option 2 states that the NR SL module does not exclude these resources associated to the non-monitored subframes. This would result in resource conflicts if the NR SL UEs use these resources and hence option 2 is not feasible for dynamic co-channel co-existence.
Proposal 4: In NR SL resource (re)selection procedure related to non-monitored LTE SL subframes, we support option 1 where the NR SL module excludes resources associated with non-monitored subframes.

[image: ]
[bookmark: _Ref131697724]Figure 2: Both LTE SL SCI and NR SL SCI located in a non-monitored slot
Firstly, the Q value used to exclude LTE SL’s reserved resources in Step 6 as discussed in subsection 2.1, shall be reused in Step 5. However, when the NR SL module has to exclude resources from non-monitored slots, the periodicity could be any value configured in the resource pool, as opposed to the specific periodicity value indicated in a received SCI. In co-channel co-existence, as shown in Figure 2, there might be both LTE SL SCIs and NR SL SCIs located in a non-monitored slot. And the periods (pre-)configured in LTE SL and NR SL resource pools might be different. Thus, in order to avoid resource collisions, the NR SL module needs to exclude slots based on any periodicity belonging to the LTE SL and NR SL periodicity list.
Proposal 5: For determining resources associated with non-monitored LTE SL subframes that are repeatedly reserved Q times, the formula used to determine the value of Q proposed for LTE SL periodic reserved resources is reused.
· The period  is any periodicity value from LTE SL and NR SL’s configurations in microseconds.

Secondly, Step 5a in the resource exclusion procedure from [8] is performed in case of insufficient resources after Step 5, where the candidate resource set is reinitialized to the set from Step 4. However, this would result in the NR SL module being able to select periodic resources reserved by an LTE SL SCI on non-monitored subframes, which would negatively impact the LTE SL performance. Hence, we propose that the resources associated with non-monitored subframes not be put back to its candidate resource set SA in Step 5a.
Proposal 6: For excluding resources associated with non-monitored LTE SL subframes, Step 5a in TS 38.214 clause 8.1.4 is performed with the modification that the candidate resource set is reinitialized excluding resources associated with non-monitored LTE SL subframes.

2.3 Exclusion of resources selected for own LTE SL transmissions
According to the agreement reached in RAN1#112 [3], the LTE SL resources selected to be used for the UE’s own LTE SL transmission are considered. 
	Agreement
In NR SL resource (re)selection procedure, down-select one of followings for how to determine candidate resource set for NR SL considering the LTE SL resources selected to be used for LTE SL module’s own LTE SL transmission
· Option 1: The PHY layer of NR SL module excludes NR SL candidate resources in a NR SL slot overlapping with LTE SL resources selected to be used for LTE SL module’s own LTE SL transmission 
· For the LTE SL periodic resources selected to be used for LTE SL module’s own LTE SL transmission, 
· For determining the above LTE SL selected resources, the time-and-frequency resources of LTE SL resources selected to be used for LTE SL module’s own LTE SL transmission are repeated according to the LTE SL resource reservation period and LTE SL resource reselection count
· …
· FFS: whether the above procedure is applied based on the priority of LTE SL transmission and the priority of NR SL transmission
· Note: It is assumed that the information relevant to LTE SL resources selected to be used for LTE SL module’s own LTE SL transmission used in the above procedure is shared from LTE SL module to NR SL module
· Option 2: The PHY layer of NR SL module determines NR SL candidate resources regardless of whether the NR SL candidate resources are in a NR SL slot overlapping with LTE SL resources selected to be used for LTE SL module’s own LTE SL transmission
· UE selects either LTE SL transmission or NR SL transmission according to Rel-16 NR SL in-device coexistence rule.


The LTE SL resources selected to be used for the LTE SL module’s own transmission consists of two types of resources. 
· Type 1: LTE SL transmissions that were transmitted before slot n and are expected to be periodically transmitted within NR SL UE’s selection window.
· Type 2: LTE SL transmissions that are yet to be transmitted and are expected to be periodically transmitted within NR SL’s selection window.
For type 1 resources, transmissions in resources before slot n are regarded as resources associated to a non-monitored slot, and the resources corresponding to the periodical slots are excluded in Step 5 as discussed in subsection 2.2. No additional specification work is necessary.
For type 2 resources, this is similar to the case where the UE selects the same resource for a NR SL and a LTE SL transmission. This case was discussed in Rel-16 under in-device coexistence, and it already has solutions in place to handle this scenario. Hence, the motivation of avoiding the type 2 resources via the resource allocation procedure is unclear.
Based on the above analysis for type 1 and type 2 resources to be used for LTE SL module’s own LTE SL transmission, we prefer option 2.
Proposal 7: In NR SL resource (re)selection procedure related to the LTE SL module’s own LTE transmissions, we support Option 2 where the Rel-16 in-device coexistence rules are reused.

2.4 [bookmark: _Ref130843558]Timing-related issue
In RAN1#112, RAN1 discussed the timing related issue stemming from the validity of the LTE SL subframe used to determine information shared with the NR SL module. The latest time for the shared information to be known by NR SL module is defined by slot n-T [4]. 
	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
Agreement
· Based on the Agreement in RAN1#110bis-e, the value of Tmax = 4 ms.


Besides slot n-T, as shown in Figure 3, the FL had attempted to define the starting and ending subframe used to determine the information shared with the NR SL module, namely Tvalid_1 and Tvalid_2.
[image: ]
[bookmark: _Ref131697254]Figure 3: Scenario with validity interval dependent on NR sensing window
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 as the slot (n-T)-Tvalid_1. 
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. 
Proposal 8: For dynamic resource pool sharing, the starting LTE SL subframe used to determine the information shared with the NR SL module is at most Tvalid_1 ms prior to the time (n-T) where the shared information is known by the NR SL module. 
· Tvalid_1 is (pre-)configured, and the value of Tvalid_1 equals to T0-T, where T0 indicates the start of the NR SL sensing window as defined in clause 8.1.4 of TS 38.214.

3 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
· Alt 1 negatively impacts the LTE SL and NR SL performance depending on whether the NR SL RSRP threshold values are higher or lower than the LTE thresholds, respectively.
· For Alt 4, the LTE RSSI ranking procedure cannot identify and exclude all NR SL reserved resources if a separate RSRP threshold list is used for slots with PSFCH.

Proposal 1: For the exclusion of NR SL candidate resources that overlap with LTE SL reserved resources, a separate SL RSRP threshold list is (pre-)configured for dynamic resource pool sharing (Alt 3), with the understanding that it is possible to achieve a (pre-)configuration equivalent to the NR SL or LTE SL threshold lists.
Proposal 2: 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 3:  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 4: In NR SL resource (re)selection procedure related to non-monitored LTE SL subframes, we support option 1 where the NR SL module excludes resources associated with non-monitored subframes.
[bookmark: _GoBack]Proposal 5: For determining resources associated with non-monitored LTE SL subframes that are repeatedly reserved Q times, the formula used to determine the value of Q proposed for LTE SL periodic reserved resources is reused.
· The period  is any periodicity value from LTE SL and NR SL’s configurations in microseconds.
Proposal 6: For excluding resources associated with non-monitored LTE SL subframes, Step 5a in TS 38.214 clause 8.1.4 is performed with the modification that the candidate resource set is reinitialized excluding resources associated with non-monitored LTE SL subframes.
Proposal 7: In NR SL resource (re)selection procedure related to the LTE SL module’s own LTE transmissions, we support Option 2 where the Rel-16 in-device coexistence rules are reused.
Proposal 8: For dynamic resource pool sharing, the starting LTE SL subframe used to determine the information shared with the NR SL module is at most Tvalid_1 ms prior to the time (n-T) where the shared information is known by the NR SL module. 
· Tvalid_1 is (pre-)configured, and the value of Tvalid_1 equals to T0-T, where T0 indicates the start of the NR SL sensing window as defined in clause 8.1.4 of TS 38.214.
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