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Introduction
The co-channel coexistence between LTE sidelink and NR sidelink has been discussed in the past RAN1 meetings. In RAN #97e meeting [1], it was agreed [2] that for the co-existence objective, RAN1 continues the work on dynamic resource pool sharing based on existing agreements and WID with high priority for Type A devices and operating combination A.

In RAN1 #112 meeting [3], [4], the following agreements were made.

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
· 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 

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

Working assumption
· For dynamic resource pool sharing, select one option between 1-1 and 1-2, and select one option between 3-1 and 4-1-a, and define how the two selected options can be used in the operation:
· Option 1-1: Avoiding PSFCH transmissions overlapping with LTE SL resources reserved for LTE SL transmissions in the time domain is performed by the UE transmitting PSFCH
· FFS whether/how to define condition(s) under which the UE transmitting PSFCH drops its PSFCH transmission overlapping with the LTE SL resources reserved for LTE SL transmission
· Option 1-2: Avoiding PSFCH transmissions overlapping with LTE SL resources reserved for LTE SL transmissions in the time domain is ensured by the UE transmitting PSSCH
· FFS whether/how to define condition(s) of selecting NR SL candidate resources for NR SL PSCCH/PSSCH
· Option 3-1: Additional PSFCH periodicity(ies) is introduced
· Alt 3-1-a: 10 logical slots
· Alt 3-1-b: 8 logical slots
· Alt 3-1-c: 5 logical slots
· FFS: Alignment between PSFCH periodicity and LTE logical subframes should be ensured by proper configuration
· Option 4-1: PSFCH resources and LTE SL resources are TDMed
· Alt 4-1-a: PSFCH resources is confined within the guard symbol of the LTE SL subframe in the time domain
· Note: selecting a single option is not precluded

In RAN #99 meeting [5], [6], the following bullet was added to the co-existence objective.

	· 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



In this contribution, we provide our views on dynamic resource pool sharing for co-channel coexistence for LTE sidelink and NR sidelink.
Discussion
Resource selection considering reserved resources by other LTE sidelink UEs
It was agreed that in dynamic resource pool sharing for co-channel coexistence, NR sidelink resource selection procedure is modified so that the LTE sidelink resources reserved by other LTE sidelink UEs are considered. The modification is at the PHY layer of NR sidelink module. Specifically, NR sidelink candidate resource set excludes the resources overlapping with LTE sidelink resources reserved by other LTE sidelink UEs, in a similar way as the exclusion of NR sidelink resources reserved by other NR sidelink UEs. 

In this resource exclusion procedure, the priority of LTE sidelink resource reservation and LTE RSRP measurement are used. It is open on the initial sidelink RSRP threshold list to be used in the exclusion of reserved resources by other LTE sidelink UEs. Three alternatives are listed, including reusing NR sidelink initial RSRP threshold list, reusing LTE sidelink initial RSRP threshold list, or (pre)configuring a separate initial RSRP threshold list. 

It should be noted that NR sidelink resource pool is independently configured from LTE sidelink resource pool. Hence, NR sidelink sub-channel size could be different from LTE sidelink sub-channel size. Also, NR sidelink resource pool starting PRB could be different from LTE sidelink resource pool starting PRB, which implies that a NR sidelink sub-channel may not be fully overlapped with an LTE sidelink sub-channel even for the case of same sub-channel size. Furthermore, the RSRP measurement in LTE sidelink is based on PSSCH DMRS, while the RSRP measurement in NR sidelink could be based on either PSSCH DMRS or PSCCH DMRS. 

Hence, we think it is improper to reuse NR sidelink initial RSRP threshold list or LTE sidelink initial RSRP threshold list. Instead, a separate sidelink RSRP threshold list could be (pre)configured by NR sidelink resource pool for dynamic resource pool sharing. This new sidelink RSRP threshold list is configured depending on the configuration of other parameters in both LTE sidelink resource pool and NR sidelink resource pool. Finally, we think this new sidelink RSRP threshold list applies to NR sidelink slots with or without PSFCH resources. 

Proposal 1: In dynamic resource pool sharing for co-channel coexistence, for resources reserved by other LTE sidelink UEs, the corresponding initial sidelink RSRP threshold list is separately (pre)configured by NR resource pool.
· This initial sidelink RSRP threshold list is applicable to NR sidelink slots with or without PSFCH resources. 

When determining other LTE sidelink UE’s reserved resources via periodic resource reservation, it is agreed that the time-and-frequency resources of other LTE sidelink UEs’ reservation are repeated Q times according to LTE sidelink resource reservation period. It is open on the formula of Q. In our view, we should follow the LTE sidelink rule, i.e., the formula of Q in Section 14.1.1.6 in TS36.213, to match the resource exclusion as in LTE sidelink. Hence, we have the following proposal. 

Proposal 2: In dynamic resource pool sharing for co-channel coexistence, for resources periodically reserved by other LTE sidelink UEs, the formula of Q in TS 36.213 is used in NR sidelink resource exclusion procedure. 

Based on the existing agreement, it is clear that to support NR sidelink module to exclude the candidate resources reserved by other LTE sidelink UEs, the information shared from LTE sidelink module to NR sidelink module includes time, frequency and period of resources reserved by other LTE sidelink UEs, priority of other LTE sidelink UEs’ transmissions, and sidelink RSRP measurement results of other LTE sidelink UEs’ transmissions. 

Proposal 3: In dynamic resource pool sharing for co-channel coexistence, in supporting NR sidelink module excluding the resources reserved by other LTE sidelink UEs, the following information is shared from LTE sidelink module to NR sidelink module:
· Time, frequency, and period of resources reserved by other LTE sidelink UEs
· Priority of other LTE sidelink UEs’ transmissions
· Sidelink RSRP measurement results of other LTE sidelink UEs’ transmissions

Resource selection considering selected resources by own LTE sidelink module
If a UE’s LTE sidelink module has selected LTE sidelink resources, it is open whether this LTE sidelink resource selection information is used by the UE’s NR sidelink module during its NR sidelink resource selection procedure. 

In one option, the LTE sidelink resource selection information is not used in the same UE’s NR sidelink module, and the in-device coexistence rule is applied if there is time overlap between LTE sidelink transmission and NR sidelink transmission. Although this approach is simple and has no specification impact, it may result in resource reselection either at LTE sidelink module or NR sidelink module in case of time collision between LTE sidelink selected resource and NR sidelink selected resource. Subsequently, the latency and throughput performance of either LTE sidelink or NR sidelink may be degraded.

We think an optimal solution should be considered in dynamic resource pool sharing for co-channel coexistence. Considering that a UE’s LTE sidelink module already provides its sensing results to the UE’s NR sidelink module, it is possible that this LTE sidelink module provides its own selected LTE resources to the NR sidelink module to prevent time collision between LTE sidelink selected resource and NR sidelink selected resource in an early stage. This avoids resource reselection operation and enhance latency and throughput performance. Hence, we prefer this option. 

Within this option, it is open whether the resource exclusion is based the priority of LTE sidelink transmission and the priority of NR sidelink transmission. We think the priority of LTE sidelink transmission and the priority of NR sidelink transmission should be considered in the resource exclusion step. It is aligned with the principle of in-device coexistence rule, where the lower priority sidelink transmission is dropped. Furthermore, it is aligned with the concept of resource pre-emption where high priority transmission could pre-empt low priority transmission.

Hence, in dynamic resource pool sharing for co-channel coexistence, the PHY layer of NR sidelink module excludes NR sidelink candidate resources in a NR sidelink slot overlapping with LTE sidelink resources selected by own LTE sidelink module. This slot exclusion occurs only if the priority of NR sidelink transmission is lower than or equal to the priority of LTE sidelink transmission. If the priority of NR sidelink transmission is higher than the priority of LTE sidelink transmission, such resource exclusion is not performed.

Proposal 4: In dynamic resource pool sharing for co-channel coexistence, the PHY layer of NR sidelink module excludes NR sidelink candidate resources in a NR sidelink slot overlapping with LTE sidelink resources selected to be used for own LTE sidelink module.
· This candidate resource exclusion occurs only if the priority of NR sidelink transmission is lower than or equal to the priority of LTE sidelink transmission.

Within the option where a UE’s LTE sidelink resource selection information is used by the UE’s NR sidelink module for its NR sidelink resource selection procedure, it was mentioned that this operation is applied in Step 5 in Section 8.1.4 of TS 38.214. In this step, the resource exclusion is per slot based. In other words, all the sub-channels in a slot will be excluded from the candidate resource set. 

For periodic resource selection made by LTE sidelink module, in determining the LTE sidelink selected resources, only the time (i.e., subframe) of selected LTE sidelink resources is repeated according to LTE sidelink resource reservation period and LTE sidelink resource reselection count. In other words, the frequency location (or sub-channel index) of LTE sidelink module selected resources is not used by NR sidelink module at all, and subsequently, it does not need to be shared from LTE sidelink module to NR sidelink module. Hence, we have the following proposal. 

Proposal 5: In dynamic resource pool sharing for co-channel coexistence, in determining own LTE sidelink module’s selected time resources, the time of selected LTE sidelink resources is repeated according to LTE sidelink resource reservation period and LTE sidelink resource reselection count.

Based on the above discussions, it is clear that to support NR sidelink module to exclude the resources in a NR sidelink slot overlapping with LTE sidelink resources selected by LTE sidelink module, the information shared from LTE sidelink module to NR sidelink module includes time and period of resources to be used for own LTE sidelink transmissions, priority of own LTE sidelink transmissions, and resource reselection count of own LTE sidelink transmissions. 

Proposal 6: In dynamic resource pool sharing for co-channel coexistence, in supporting NR sidelink module excluding NR sidelink candidate resources in a slot overlapping with LTE sidelink resources selected to be used for own LTE sidelink module, the following information is shared from LTE sidelink module to NR sidelink module:
· Time and period of resources to be used for own LTE sidelink transmissions
· Priority of own LTE sidelink transmissions
·  of own LTE sidelink transmissions

Resource selection considering non-monitored subframe of own LTE sidelink module
The topic of whether and how NR sidelink resource selection procedure excludes candidate resources in a slot overlapping with non-monitored subframe of LTE sidelink module was discussed in last RAN1 meeting.

On one hand, NR sidelink module excluding candidate resources in a slot overlapping with non-monitored subframe of LTE sidelink module avoids the potential collision with LTE sidelink transmissions. 

On the other hand, such exclusion may largely reduce the amount of remaining candidate resources. Considering a large amount of candidate resources has already been excluded due to its time overlap with non-monitored slot of NR sidelink module, additional exclusion due to non-monitored subframe of LTE sidelink module will leave very limited amount of candidate resources. One possible outcome is that Step 5a in NR sidelink resource selection procedure will always revert the operations in Step 5.

As a trade-off, we think whether or not NR sidelink module excludes NR sidelink candidate resources in a slot overlapping with non-monitored subframe of LTE sidelink module is an optional feature, which can be (pre)configured by resource pool.

Proposal 7: In dynamic resource pool sharing for co-channel coexistence, whether or not NR sidelink module excludes NR sidelink candidate resources in a slot overlapping with non-monitored subframe of LTE sidelink module is an optional feature, (pre)configured by resource pool.

If NR sidelink module excludes NR sidelink candidate resources in a slot overlapping with non-monitored subframe of LTE sidelink module, then all the LTE sidelink resources in the non-monitored subframes are assumed to be repeatedly reserved Q times, where the formula of Q in TS 36.213 is used. 

Proposal 8: In dynamic resource pool sharing for co-channel coexistence, if NR sidelink module excludes NR sidelink candidate resources in a slot overlapping with non-monitored subframe of LTE sidelink module, then all the LTE sidelink resources in the non-monitored subframes are assumed to be repeatedly reserved Q times, where the formula of Q in TS 36.213 is used. 

Based on the above discussions, it is clear that to support NR sidelink module to exclude NR sidelink candidate resources in a slot overlapping with non-monitored subframe of LTE sidelink module, the information shared from LTE sidelink module to NR sidelink module includes subframes which are not monitored in LTE sidelink module. 

Proposal 9: In dynamic resource pool sharing for co-channel coexistence, in supporting NR sidelink module excluding NR sidelink candidate resources in a slot overlapping with non-monitored subframe of LTE sidelink module, the following information is shared from LTE sidelink module to NR sidelink module:
· Subframes which are not monitored in LTE sidelink module.

Timeline of information sharing
It was agreed that for dynamic resource pool sharing, NR sidelink module is expected to use the information shared by LTE sidelink module if the information is known to the NR sidelink module at the latest  ms prior to slot  to determine a set of resources for its own (re)transmission. The value of is based on UE implementation but is upper bounded by . The value of  was agreed to be 4 ms. 

It is open whether we have an earliest information sent from LTE sidelink module to NR sidelink module, which NR sidelink module is expected to use. In other words, NR sidelink module is expected to use the information shared by LTE sidelink module if the information is known to the NR sidelink module at the earliest  ms prior to slot  to determine a set of resources for its own (re)transmission.

In our view, the value of  is also up to UE implementation, but is upper bounded by . In LTE sidelink, the sensing window size is 1000 ms. It is natural that the upper bound of  is 1000 ms, since otherwise, the information shared by LTE sidelink module is no longer useful at slot . This is illustrated in Figure 1. 
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[bookmark: _Ref123803188]Figure 1: Illustration of timeline of information sharing
Proposal 10: In dynamic resource pool sharing for co-channel coexistence, 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 earliest 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, where  and is based on UE implementation, and the value of  is 1000 ms.
 
PSFCH handling
The PSFCH transmission for sidelink HARQ-ACK is an important new feature in NR sidelink. This feature does not exist in LTE sidelink. In dynamic resource pool sharing for co-channel coexistence, the NR PSFCH transmission may lead to AGC issue to LTE sidelink reception. 

To address this issue, a list of potential solutions was identified in RAN1 #112 meeting. Furthermore, in RAN# 99 meeting, it was agreed that for NR sidelink with 15 or 30 kHz SCS, NR sidelink UE avoids selecting resources for PSCCH/PSSCH transmissions where the corresponding PSFCH transmission occasions overlap with LTE sidelink reservations in time domain. This is inline with Option 1-2 in the working assumption made in RAN1 #112 meeting. 

In Option 1-2, it is open whether/how to define condition(s) of selecting NR sidelink candidate resources for NR sidelink PSCCH/PSSCH. 

First of all, NR sidelink PSCCH/PSSCH transmission may or may not support sidelink HARQ-ACK feedback. For a PSCCH/PSSCH transmission without feedback, the procedure of excluding NR sidelink candidate resources in a slot whose corresponding PSFCH transmission occasion overlapping with LTE sidelink reservations does not need to be conducted at all. Here, higher layer needs to provide an additional parameter to PHY layer on whether sidelink HARQ-ACK feedback is used for the PSCCH/PSSCH transmission when triggering a resource selection procedure. 

Also, the priority of LTE sidelink reservations may be considered in the procedure. Suppose there are several LTE sidelink reservations in a subframe overlapping with PSFCH transmission. If the highest priority among these LTE sidelink reservations is higher than a threshold, then the procedure is conducted. Otherwise, the procedure is not conducted. 

Proposal 11: In dynamic resource pool sharing for co-channel coexistence, NR sidelink module excludes NR sidelink candidate resources in a slot whose corresponding PSFCH transmission occasion overlapping with LTE sidelink reservations in time domain. This procedure is conducted if both of the following conditions satisfy. 
· NR sidelink PSCCH/PSSCH transmission supports sidelink HARQ-ACK feedback. 
· Higher layer provides a parameter to PHY layer on whether sidelink HARQ-ACK feedback is used for the PSCCH/PSSCH transmission. 
· The highest priority among LTE sidelink reservations on the conflicting sub-frame is higher than a (pre)configured threshold. 

Conclusion
In this contribution, we provided our views on dynamic resource pool sharing for co-channel coexistence between LTE sidelink and NR sidelink. Our proposals are as follows:

Proposal 1: In dynamic resource pool sharing for co-channel coexistence, for resources reserved by other LTE sidelink UEs, the corresponding initial sidelink RSRP threshold list is separately (pre)configured by NR resource pool.
· This initial sidelink RSRP threshold list is applicable to NR sidelink slots with or without PSFCH resources. 

Proposal 2: In dynamic resource pool sharing for co-channel coexistence, for resources periodically reserved by other LTE sidelink UEs, the formula of Q in TS 36.213 is used in NR sidelink resource exclusion procedure. 

Proposal 3: In dynamic resource pool sharing for co-channel coexistence, in supporting NR sidelink module excluding the resources reserved by other LTE sidelink UEs, the following information is shared from LTE sidelink module to NR sidelink module:
· Time, frequency, and period of resources reserved by other LTE sidelink UEs
· Priority of other LTE sidelink UEs’ transmissions
· Sidelink RSRP measurement results of other LTE sidelink UEs’ transmissions

Proposal 4: In dynamic resource pool sharing for co-channel coexistence, the PHY layer of NR sidelink module excludes NR sidelink candidate resources in a NR sidelink slot overlapping with LTE sidelink resources selected to be used for own LTE sidelink module.
· This candidate resource exclusion occurs only if the priority of NR sidelink transmission is lower than or equal to the priority of LTE sidelink transmission.

Proposal 5: In dynamic resource pool sharing for co-channel coexistence, in determining own LTE sidelink module’s selected time resources, the time of selected LTE sidelink resources is repeated according to LTE sidelink resource reservation period and LTE sidelink resource reselection count.

Proposal 6: In dynamic resource pool sharing for co-channel coexistence, in supporting NR sidelink module excluding NR sidelink candidate resources in a slot overlapping with LTE sidelink resources selected to be used for own LTE sidelink module, the following information is shared from LTE sidelink module to NR sidelink module:
· Time and period of resources to be used for own LTE sidelink transmissions
· Priority of own LTE sidelink transmissions
·  of own LTE sidelink transmissions

Proposal 7: In dynamic resource pool sharing for co-channel coexistence, whether or not NR sidelink module excludes NR sidelink candidate resources in a slot overlapping with non-monitored subframe of LTE sidelink module is an optional feature, (pre)configured by resource pool.

Proposal 8: In dynamic resource pool sharing for co-channel coexistence, if NR sidelink module excludes NR sidelink candidate resources in a slot overlapping with non-monitored subframe of LTE sidelink module, then all the LTE sidelink resources in the non-monitored subframes are assumed to be repeatedly reserved Q times, where the formula of Q in TS 36.213 is used. 

Proposal 9: In dynamic resource pool sharing for co-channel coexistence, in supporting NR sidelink module excluding NR sidelink candidate resources in a slot overlapping with non-monitored subframe of LTE sidelink module, the following information is shared from LTE sidelink module to NR sidelink module:
· Subframes which are not monitored in LTE sidelink module.

Proposal 10: In dynamic resource pool sharing for co-channel coexistence, 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 earliest 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, where  and is based on UE implementation, and the value of  is 1000 ms.

Proposal 11: In dynamic resource pool sharing for co-channel coexistence, NR sidelink module excludes NR sidelink candidate resources in a slot whose corresponding PSFCH transmission occasion overlapping with LTE sidelink reservations in time domain. This procedure is conducted if both of the following conditions satisfy. 
· NR sidelink PSCCH/PSSCH transmission supports sidelink HARQ-ACK feedback. 
· Higher layer provides a parameter to PHY layer on whether sidelink HARQ-ACK feedback is used for the PSCCH/PSSCH transmission. 
· The highest priority among LTE sidelink reservations on the conflicting sub-frame is higher than a (pre)configured threshold. 
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