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Introduction
According to the WID [1], Rel-18 NR sidelink evolution will study co-channel coexistence for LTE sidelink and NR sidelink, 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


In the last meeting, the some critical issues of dynamic resource sharing were further studied, such as the information shared by LTE module to NR module, the solution for avoiding AGC issue, and the timeline on how the NR SL module uses the information shared by the LTE SL module. In this contribution, we will further discuss the co-channel coexistence issues between LTE sidelink and NR sidelink.
Discussion for Dynamic resource sharing
How NR module used the information shared by LTE module
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]In the last meeting, an agreement was reached on how NR module using the information shared by LTE module [2]:
	Agreement
For dynamic resource pool sharing, the NR SL module uses the candidate information shared by the LTE SL module to the NR SL module, where
· The NR SL module excludes resources based on the shared information from its own candidate resource set when performing the resource (re)selection procedure in the PHY layer.
· FFS how to exclude resources at least based on the time and frequency locations of LTE SL transmissions that have been indicated in the shared candidate information.
· FFS how the exclusion is performed according to clause 8.1.4 of TS 38.214.
· FFS: whether/how NR SL module excludes resources not belonging to the generated LTE SL’s candidate resource set SB from its own candidate resource set.


Compared with previous agreements, this agreement indicates that the procedure of resource exclusion is performed in the PHY layer. The detailed design for resource exclusion based on the shared candidate information can reuse the resource exclusion procedure of the current specification. Specifically, for the reserved resources of other LTE SL UEs, the NR module can direct exclude these resources from its own candidate resource set. For time and frequency locations of the current UE LTE SL transmissions, the half-duplex subframe(s) which are not monitored by the LTE module due to transmission should be taken into account for the procedure of NR SL resource allocation. To be specific, two cases should be considered which are shown in Figure 1. On the one hand, the subframe(s) within the resource selection window should be excluded, where some resources may be reserved by the LTE transmission in the unmonitored subframe(s), e.g., the Z subframe in Figure 1. On the other hand, the slot(s) within the resource selection window should be excluded, where some resources may be reserved by the NR transmission in the unmonitored subframe(s), e.g., the Y subframe in Figure 1. 


Figure 1 Half duplex issue caused by LTE unmonitored subframes
Proposal 1: The resource exclusion procedure of current NR resource allocation could be reused for NR module to exclude the LTE SL reserved resources at least based on the time and frequency locations of LTE SL transmissions.
Proposal 2: The half-duplex subframes which are not monitored by the LTE module can be taken into account by NR module for resource allocation.
Further speaking, according to the above discussion, the changes to the steps of resource allocation can be further determined. For the LTE resources reserved by other UEs, it could be excluded according to step 6 of the current resource allocation in clause 8.1.4 of TS 38.214, as shown in Figure 2. For the LTE resources reserved by the LTE module of the current UE, the half-duplex subframes will be checked at step 5 of the current resource allocation in clause 8.1.4 of TS 38.214.
Proposal 3: The NR SL module excludes resources based on the information shared by the LTE module from its own candidate resource set according to step 5 and step 6 of clause 8.1.4 of TS 38.214.
Besides, the candidate resource set SA(or SB) of the LTE module is also discussed for sharing to the NR module. However, considering the determination of SA(or SB) relies on some parameters which should be provided by the NR module, it will be contrary to the conclusion on no spec impact on LTE. Besides, we cannot find the extra benefit of using SA(or SB) for NR resource allocation after performing resource exclusion based on the reserved information shared by the LTE module. Hence, SA (or SB) should not be included in the shared candidate information.


Figure 2: Procedure of resource allocation of Mode 2
Information shared by LTE module to NR module
Next, the detailed information shared by the LTE module should be further determined. According to the discussion in Sec 2.1, at least the basic sensing and resource reservation information of the LTE module should be shared with the NR module, e.g., time and frequency locations of reserved resources by other LTE UEs, resource reservation periods, and time and frequency location of resources used for own LTE SL transmissions. Besides, the half-duplex subframes which are not monitored by the LTE module should also be included.
Proposal 4: For determining the set of resources which will be excluded from NR candidate resource set, at least the following parameters should be used:
· Time and frequency locations of reserved resources by other LTE UEs, determined based on decoded SCIs
· Resource reservation periods based on decoded SCI and for own LTE SL transmissions
· Time and frequency location of resources used for own LTE SL transmissions
· Half-duplex subframes which are not monitored by the LTE module

Enhancement of NR sidelink for avoiding AGC issue
Solution for avoiding AGC issue caused by configured PSFCH
In RAN1#111, the following draft proposal [4] was achieved regarding the solutions for avoiding AGC issue caused by configured PSFCH:
	Proposal 1-1(VI):
· For dynamic resource pool sharing, in NR SL resource pools with PSFCH configured and when HARQ-ACK is enabled, based on (pre-)configuration, when PSFCH resources overlap with LTE SL transmissions in the time domain, the NR SL UE
· Always avoids transmissions on PSFCH resources (Alt 1), or
· FFS details including whether the TX UE avoid selecting resources for PSCCH/PSSCH transmissions with the overlapping PSFCH resources and/or RX UE does not transmit on the overlapping PSFCH resources
· Does not avoid transmission on PSFCH resources (Alt 2), or
· Conditionally avoids transmissions on a subset of PSFCH resources.
· FFS conditions including
· the consideration of the LTE RSRP and priority,
· presence of PSCCH/PSSCH in the same time slot as PSFCH transmissions with the same power.
· Introduce additional PSFCH periodicity of [5, 8 and] 10.
· FFS: Confine the PSFCH transmission, in the time domain, within the guard symbol of the LTE SL subframe.
· FFS details including the conditions.


It can be found that the above proposal tries to make progress by supporting all solutions based on (pre-) configuration. Specifically, “always avoids transmissions on PSFCH resources” corresponds to Alt 1, i.e., the NR SL UE avoids PSFCH transmissions in time slots that overlap with subframes used for LTE SL transmissions. And “does not avoid transmission on PSFCH resources” corresponds to Alt 2, i.e., NR SL UEs use a periodically repeating set of PSFCH slots. Besides, the additional condition-based solution is also proposed in RAN1#111 by some companies.


Figure 3: Illustrate the potential solution (Alt 1) for supporting HARQ-ACK feedback
Regarding Alt 1, as depicted in Figure 3, Rx UE dropping or postponing the PSFCH corresponding to the received PSCCH/PSSCH if the PSFCH overlaps with subframes used for LTE SL transmission is adopted. However, since Tx UE believes an “ACK” is received if no HARQ-ACK feedback from Rx UE for group cast option 1, the dropping behavior in Alt 1 may mislead Tx UE to make a wrong decision. Hence, it is not enough to solve this issue with Rx side solution only, and Tx side solution should also be considered, i.e., the PSCCH/PSSCH TX UE avoids selecting resources used for PSCCH/PSSCH transmissions with corresponding PSFCH resources that overlap with LTE SL transmissions in the time domain. Considering the high complexity of checking whether the PSFCH resource corresponding to each candidate resource overlaps with LTE SL transmissions in the time domain, a suitable simplification scheme is worth studying. To be specific, the above checking can be used in the procedure of re-evaluation. When the re-evaluation is performed, it is necessary to check whether the corresponding PSFCH resource(s) of the selected but not reserved resource(s) overlaps with the LTE sidelink transmission in the time domain. If yes, resource reselection will be performed.
Proposal 5: Tx UE avoiding selecting resources for PSCCH/PSSCH transmissions with corresponding PSFCH resources that overlap with LTE SL transmissions in the time domain should be supported.
For Alt 2, the RSSI-based resource exclusion mechanism of LTE sidelink resource allocation will be fully utilized. As supporters’ description, by letting the NR priority select the resources in the NR slots with PSFCH for transmission and leveraging the RSSI ranking mechanism of LTE sidelink resource allocation, the LTE sidelink can avoid using or reserving the resources in the NR slots with PSFCH as much as possible, and then AGC issue can be overcome.
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]However, Alt 2 faces several challenges. First, the RSSI ranking mechanism only excludes the redundant resource(s) with high RSSI measurement result(s) if more than 20% * Mtotal resources are left in SA after excluding the unmonitored subframe(s) and the resource(s) with high RSRP measurement result(s). This means the RSSI-based mechanism is not really mandatory, and may not work well. Secondly, the higher RSSI measurement results of the PSFCH slot(s) cannot be guaranteed. If there is no PSCCH/PSSCH transmission in these slots, the RSSI measurement results will be relevant small because the RSSI-based mechanism averages all the measurement results of all the symbols in a slot. Third, the aperiodic transmission and periodic transmission with LTE sidelink unsupported periods will impact the RSSI-based mechanism and degrade its benefits.
Observation 1: For Alt 2, the feasibility/performance is challenged by the following issues:
· The RSSI ranking mechanism share only be performed if more than 20% * Mtotal resources are left in SA after step 7) in TS 36.213 Sec. 14.1.1.6 which means the RSSI ranking mechanism is not mandatory;
· It is difficult to guarantee the RSSI measurement value is higher in the PSFCH slot(s);
· The aperiodic transmission and periodic transmission with LTE sidelink unsupported periods will degrade the performance of the RSSI ranking mechanism.
Besides the above two alternatives, avoiding transmissions on a subset of PSFCH resources conditionally has been also proposed by some companies. However, the study for this alt will induce extra workload, and benefits are not clear at the current stage. Hence, additional design on avoiding transmissions on a subset of PSFCH resources conditionally will not be necessary.
Proposal 6: Conditionally avoids transmissions on a subset of PSFCH resources should not be supported.
Solution for avoiding AGC issue caused by higher SCS(s)
Regarding the solution for avoiding AGC issue caused by higher SCS(s), there are several methods identified in previous meetings and FL made the following draft proposal [4]:
	Proposal 1-5 (II):
· For dynamic resource pool sharing, the following options are studied to resolve the AGC issue in LTE SL UEs which is caused by NR SL PSCCH/PSSCH transmissions if higher SCSs are supported:
· Option 1: The NR SL transmissions of higher SCSs are transmitted on all slots within a LTE SL subframe of 15 kHz
· FFS: Whether this takes place in all slots configured within the LTE SL resource pool or only when the NR SL transmission overlaps an LTE SL transmission based on information shared by the LTE SL module.
· Option 3: NR SL UE uses the information shared by the LTE SL module in its own resource selection procedure to exclude slots overlapping with LTE SL transmissions.
· FFS: Exclude only those slots where the first symbol of the NR SL transmission is not overlapping in time with the first symbol of the LTE subframe.
· Note: This study does not imply RAN1 supporting higher SCS


The most direct and effective method for avoiding AGC issue caused by SCSs is to support multi-consecutive slot transmissions (MCSs) or slot aggregation, i.e., Option 1 in the above proposal. By allowing a UE to transmit the same or different TB(s) within consecutive slots (corresponding to an LTE subframe), the interference from different NR transmission within an LTE subframe will be easily managed. Since it will waste resources if only support to transmit the same TB in consecutive slots, different TB transmission in consecutive slots should be considered in this method.
A similar method as the Alt 1 solution for avoiding AGC issue caused by configured PSFCH can is proposed, i.e., Option 3 in the above agreement. NR SL UE uses the information shared by the LTE SL module in its own resource selection procedure to exclude slots overlapping with LTE SL transmissions. It can be found that, this method will exclude more resources, especially for higher SCS(s) supported cases. Compared with Option 1, this option seems as a suboptimal solution.
Observation 2: Option 3, i.e., NR SL UE uses the information shared by the LTE SL module in its own resource selection procedure to exclude slots overlapping with LTE SL transmissions, is a suboptimal solution for avoiding AGC issue caused by higher SCS(s).
Proposal 7: Multi-consecutive slots (corresponding to an LTE subframe) transmission (Option 1) should be supported for dynamic resource sharing if higher SCS(s) is considered for NR sidelink, and different TBs should be considered to transmit within the consecutive slots.
Timeline
In the previous meetings, the following agreements were achieved on the timeline of the latest candidate information could be used by NR module [2,3]:
	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 the last meeting, 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 8: 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 9: 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: The resource exclusion procedure of NR resource allocation could be reused for NR module to exclude the LTE SL reserved resources at least based on the time and frequency locations of LTE SL transmissions.
Proposal 2: The half-duplex subframes which are not monitored by the LTE module can be taken into account by NR module for resource allocation.
Proposal 3: The NR SL module excludes resources based on the information shared by the LTE module from its own candidate resource set according to step 5 and step 6 of clause 8.1.4 of TS 38.214.
Proposal 4: For determining the set of resources which will be excluded from NR candidate resource set, at least the following parameters should be used:
· Time and frequency locations of reserved resources by other LTE UEs, determined based on decoded SCIs
· Resource reservation periods based on decoded SCI and for own LTE SL transmissions
· Time and frequency location of resources used for own LTE SL transmissions
· Half-duplex subframes which are not monitored by the LTE module
Proposal 5: Tx UE avoiding selecting resources for PSCCH/PSSCH transmissions with corresponding PSFCH resources that overlap with LTE SL transmissions in the time domain should be supported.
Observation 1: For Alt 2, the feasibility/performance is challenged by the following issues:
· The RSSI ranking mechanism share only be performed if more than 20% * Mtotal resources are left in SA after step 7) in TS 36.213 Sec. 14.1.1.6 which means the RSSI ranking mechanism is not mandatory;
· It is difficult to guarantee the RSSI measurement value is higher in the PSFCH slot(s);
· The aperiodic transmission and periodic transmission with LTE sidelink unsupported periods will degrade the performance of the RSSI ranking mechanism.
Proposal 6: Conditionally avoids transmissions on a subset of PSFCH resources should not be supported.
Observation 2: Option 3, i.e., NR SL UE uses the information shared by the LTE SL module in its own resource selection procedure to exclude slots overlapping with LTE SL transmissions, is a suboptimal solution for avoiding AGC issue caused by higher SCS(s).
Proposal 7: Multi-consecutive slots (corresponding to an LTE subframe) transmission (Option 1) should be supported for dynamic resource sharing if higher SCS(s) is considered for NR sidelink, and different TBs should be considered to transmit within the consecutive slots.
Proposal 8: The earliest time for limiting the available shared information used by the NR module for current transmission should be up to UE implementation.
[bookmark: _GoBack]Proposal 9: 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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