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Introduction
According to the revised WID [1], Rel-18 NR sidelink evolution will study co-channel coexistence for LTE sidelink and NR sidelink with some scope limitation, and the objective for co-channel coexistence is as following:
	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


With the guidance of RAN Plenary, two outstanding issues, i.e., how to handle the AGC issues caused by supporting higher SCS and caused by PSFCH, have been properly addressed, which is marked in yellow in the above WID. In this contribution, we will further discuss the co-channel coexistence issues between LTE sidelink and NR sidelink mainly focus on the usage of LTE sensing and reservation on NR resource allocation.
Discussion for Dynamic resource sharing
How NR module using the LTE SL reserved resources by other LTE SL UE
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]In the last meeting, an agreement was reached on how NR module using the LTE SL reserved resources by other LTE SL UE [2]:
	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
· The PHY layer of NR 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 which NR SL periodic resources are 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 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
· FFS whether/how LTE SL RSRP is applied


Obviously, the NR resource exclusion procedure considering the reserved resources by other LTE SL UE follows the design of current resource allocation for excluding reserved resources based on RSRP measurement. Further, three open issues still need to be solved, i.e,
· Which RSRP threshold list should be used?
· How to determine the Q value for excluding the periodic reservation of LTE SL?
· Whether/How LTE SL RSRP is applied?
In this section, we will analyze the above issues one by one.
The RSRP threshold list used to exclude the LTE SL reserved resources
Regarding the RSRP threshold list, there are four alternatives given in the above agreement, i.e.,
· 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.
[bookmark: OLE_LINK11]Clearly, Alt 1 and Alt 2 will reuse the current RSRP threshold list of NR SL and LTE SL, respectively. However, considering the different power control designs between NR SL and LTE SL, it would be unfair to direct reuse either the RSRP threshold list of NR or of LTE. Hence, a novel SL RSRP threshold list separately for dynamic resource pool sharing is the best choice. Besides, some companies believe that, letting more NR transmission in the slots with PSFCH can lower the probability of AGC issues caused by PSFCH transmission, and suggest (pre-) configuring a separate list for the NR slots with PSFCH and without PSFCH. In our opinion, the AGC issue can be considered separately, and it is unnecessary to involve more RSRP threshold lists for handling this issue.
Proposal 1: (Alt 3) Regarding the RSRP threshold list, a separate SL RSRP threshold list should be (pre)configured for dynamic resource pool sharing.

Determination of repeated times (Q formula)
For excluding the periodic reservation of other LTE SL UE, repeated times should be further considered. For minimum the spec impacts, the Q formula of current NR or LTE spec will be evaluated.
According to the current spec, taking NR as an example, the method for determining Q can be described as following:
	 if  and , where
· if the UE is configured with full sensing by its higher layer,  if slot n belongs to the set , otherwise slot  is the first slot after slot n belonging to the set ; 
· If UE is configured with partial sensing by its higher layer,  if slot  belongs to the set , otherwise, slot  is the first slot after slot  belonging to the set . 
Otherwise . 
(TS 38.214 Sec. 8.1.4)


In brief, if the resource reservation period is larger than Tscal (condition 1), and the sensed resources is the latest transmission before n (condition 2), Q will be determined according to a formula; otherwise, Q = 1. It can be found that, condition 1 means at least more than one reserved resources in the interval [n, n+Tscal]. And condition 2 means that, if there is no latest transmission sensed before n, which means the periodic transmission has ended, and there is no reserved resource in the selection window. Besides, only considering the latest resources will also be beneficial for avoiding over exclusion.
However, some issues will be faced by reusing the Q value of NR or LTE without any enhancement. As shown in Figure 1, the sensing window of the LTE module is earlier than NR sensing window in general, and the interval between the ending location of the LTE sensing window and the resource (re-)selection trigger time n is larger than Tproc,0 obviously. It means that, the probability that there is a periodic transmission within this interval is not particularly small. If the latest transmission takes place in this interval, Q will be equal to 1 according to the current spec and the possible reserved resources will not be excluded. More specifically, as shown in Figure 1, resources A and B are sensed by the LTE module, and both of them are not the latest resource before n (resource C is the latest resource exactly), then Q will be determined as 1 based on current spec due to the violation of condition 2. Obviously, resource D and resource E will not be checked which will may induce resource conflict. Based on the above analysis, the method to determine the Q value should be further enhanced.


Figure 1 LTE periodic transmission
For solving above issue, the direct method is to adjust the window (i.e., Tscal) to determined Q value. Specifically, Tscal can be determined as the interval between ending location of LTE sensing window and the ending location of NR resource selection window. If the sensed LTE SL resource is the latest resource of the LTE periodic transmission before the ending location of LTE sensing window and the resource reservation periodic is larger than Tscal, ; otherwise, .
Proposal 2: if the sensed LTE SL resource is the latest resource of the LTE periodic transmission before the ending location of LTE sensing window and the resource reservation period is larger than , ; otherwise, , where  is the interval between the ending location of LTE sensing window and the ending location of NR resource selection window, and  is the resource reservation period of sensed transmission.

LTE SL RSRP is applied
This open issue was raised by some companies because of the difference in power control between NR SL and LTE SL and some resource overlapping cases. On the one hand, the 3dB PSD boosting is used for PSCCH in LTE SL, which means the measured RSRP-PSSCH results do not properly represent the received power of PSCCH. On the other hand, the partial overlaps between LTE reserved resources and NR candidate resources are deemed to be considered by companies. In our opinion, for the first concern, 3 dB PSD boosting can be considered by setting a reasonable RSRP threshold list. For the second concern, the current rules for excluding resources can be reused without any additional enhancement, i.e., if there is an overlap, the RSRP-based exclusion mechanism should be performed.
In addition to the above issues, the LTE resource pool configuration may also induce additional issues. 
For LTE sidelink, two kinds of resource pools are supported, distinguished by whether the PSCCH is transmitted adjacent to PSSCH. For the non-adjacent transmission resource pool structure, a PSCCH and its corresponding PSSCH are separately located in a different part of the resource pool. Considering the fixed mapping relationship between PSSCH and its corresponding PSCCH, if the reserved PSSCH resource is overlapped with a LTE candidate resource, the corresponding PSSCH will also overlap with the control information used resource. Hence, in LTE spec, the checking of PSSCH resource overlapping will only be needed. 


Figure 2 Coexistence of LTE sidelink and NR sidelink with non-adjacent LTE resource pool
However, when LTE sidelink resource pool and NR sidelink resource pool are overlapping, the candidate resources (PSSCH + PSCCH) of NR may overlap with the LTE PSCCH resources only. In this case, the resource of LTE PSCCH used should be considered for examining whether the candidate resource(s) that overlap with LTE PSCCH resource(s). Further speaking, the resources used by PSCCH can be directly indicated to the NR module by the LTE module, or inferred according to the reserved resources of LTE PSSCH by the NR module. Furthermore, RSRP results used for excluding the NR candidate resource(s) which overlaps with LTE PSCCH resource(s) should be the RSRP measured on the PSSCH corresponding to the PSCCH.
Proposal 3: In NR SL the resource (re)selection, NR SL module will check NR SL candidate resources of which NR SL periodic resources are overlapping with LTE SL reserved resources by other LTE SL UE, where the LTE reserved resources including the resources used for transmitting PSSCH and PSCCH.
[bookmark: _GoBack]
How NR module using the LTE SL reserved resources by LTE module for own LTE transmission
In addition to the reserved resources by other LTE SL UE, an agreement was also achieved in the last meeting regarding how NR module using the LTE SL reserved resources by LTE module for own LTE transmission [2],
	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
· The PHY layer of NR module applies the above procedure in Step 5 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 which NR SL periodic 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 according to Step 5 in Section 8.1.4 of TS 38.214
· Note: When the PHY layer of NR module cancels the above procedure according to Step 5a in Section 8.1.4 of TS 38.214, UE selects either LTE SL transmission or NR SL transmission according to Rel-16 NR SL in-device coexistence rule
· 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


There are two options listed in the above agreement. The first is to reuse the same method for using the LTE sidelink reserved resources by other UEs. The second is to reuse the Rel-16 design for handling the transmission conflict between the LTE module and the NR module. In our opinion, the Rel-16 NR SL in-device coexistence rule can work well for handling transmission conflict between the LTE module and NR module, and there is no need for any enhancement for resource allocation.
Proposal 4: (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.

How NR module taking the half-duplex subframes of LTE module into account
In RAN1#112, how to determine candidate resource set for NR SL considering the LTE SL resources associated with non-monitored subframes of LTE module has been discussed, and the following draft proposal was made by FL [3]:
	Draft proposal 2-3(II):
· 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 
· The PHY layer of NR module applies the above procedure in Step 5 in Section 8.1.4 of TS 38.214
· Note: For periodic reservation of NR SL transmission, the PHY layer of NR SL module further excludes NR SL candidate resources of which NR SL periodic resources are overlapping with LTE SL resources associated with non-monitored subframe of LTE SL module according to Step 5 in Section 8.1.4 of TS 38.214
· 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
· 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


Similar to how the NR module uses the LTE SL reserved resources by the LTE module, there are also two options for the NR module considering the half-duplex subframes of the LTE module. Option 1 considers the impacts of the LTE half duplex subframes and excludes the slots with possible undetermined reserved resources. Option 2 direct ignores the half duplex subframes of the LTE module and has no enhancement on resource allocation. In our opinion, considering the LTE supported resource reservation periods are relative larger, the impacts of half-duplex subframes of LTE module is relative small. Hence, we prefer to adopt option 2.
Proposal 5: (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 subframes of LTE SL module.

Enhancement of NR sidelink for avoiding AGC issue
From previous several meetings, the main reasons causing the AGC issue have been identified, i.e., higher SCS and configured PSFCH.
AGC issue caused by higher SCS
Regarding sub-carrier spacing, RAN#99 instructs that 15 kHz and 30 kHz should be supported. For handling AGC issues caused by supporting 30kHz, 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. According to this guidance, there is no impact on R16/R17 RAN1 spec.
AGC issue caused by PSFCH
Regarding the AGC issue caused by PSFCH, RAN#99 instructs that, NR SL UE will avoid selecting resources for PSCCH/PSSCH transmissions where the corresponding PSFCH transmission occasions overlap with LTE SL reservations in time domain. And there is no other method to solve this issue considered. 
However, avoiding the AGC issue caused by PSFCH by resource allocation will enhance the complexity of Tx UE and may exclude the bulk of candidate resources. For avoiding the candidate resources being over-excluded, additional PSFCH occasions corresponding to a PSSCH could be supported. If all the PSFCH occasions corresponding to the candidate resource overlap with LTE reserved resources, the candidate resource should be excluded; otherwise, the candidate resource can be kept.
Proposal 6: For avoiding candidate resources being over-excluded, additional PSFCH corresponding to a PSSCH should be supported.
Timeline
In the previous meetings, the following agreements were achieved on the timeline of the latest candidate information could be used by NR module [4, 5]:
	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.


In RAN1#111, some companies believe if the candidate information is received too early, this candidate information may be outdated. Hence, the earliest time should be set. Regardless of whether the setting of the earliest time is based on the time of candidate information received at the NR module or based on the earliest subframe of the LTE module used to determine the candidate information, it will introduce a complex time relationship. Hence, for reducing workload, the earliest time can be up to UE implementation.
Proposal 7: The earliest time for limiting the available shared information used by the NR module for current transmission should be up to UE implementation.


Figure 3 Illustrate the information sharing window
[bookmark: OLE_LINK8]As shown in Figure 3, once the earliest time is set, i.e., n-T’ in Figure 3, an information sharing window will be determined. Only received within this window, the candidate information can be used for the resource allocation procedure of the NR module. If there are multiple sets of candidate information received in this window, the latest candidate information could be used by the NR module.
[bookmark: OLE_LINK12]Proposal 8: If multiple sets of candidate information meet the timeline limitation, the NR module can use the latest candidate information for resource allocation.

Conclusions
In the contribution, we provides our view on the co-channel coexistence issues between LTE sidelink and NR sidelink, and propose that,
Proposal 1: (Alt 3) Regarding the RSRP threshold list, a separate SL RSRP threshold list should be (pre)configured for dynamic resource pool sharing.
Proposal 2: if the sensed LTE SL resource is the latest resource of the LTE periodic transmission before the ending location of LTE sensing window and the resource reservation period is larger than , ; otherwise, , where  is the interval between the ending location of LTE sensing window and the ending location of NR resource selection window, and  is the resource reservation period of sensed transmission.
Proposal 3: If the LTE resource pool is PSCCH-PSSCH non-adjacent structure, the LTE PSCCH resources should be considered by the NR module for resource allocation.
Proposal 4: (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.
Proposal 5: (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 subframes of LTE SL module.
Proposal 6: For avoiding candidate resources being over-excluded, additional PSFCH corresponding to a PSSCH should be supported. 
Proposal 7: The earliest time for limiting the available shared information used by the NR module for current transmission should be up to UE implementation.
Proposal 8: If multiple sets of candidate information meet the timeline limitation, the NR module can use the latest candidate information for resource allocation.
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