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1 Introduction
At the RAN1#111 meeting, the followings were agreed for co-channel coexistence for LTE SL and NR SL [1].
	Agreement at RAN1#111 meeting
Based on the agreement in RAN1#110bis-e, the value of Tmax = 4 ms.
Agreement at RAN1#111 meeting
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.


In this contribution, we discuss issues on co-channel coexistence for LTE sidelink and NR sidelink and provides our views.
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[bookmark: OLE_LINK69]In this section, we discuss issues on dynamic resource sharing of co-channel coexistence for LTE sidelink and NR sidelink with respect to Type A devices and operating combination A.
Issue 1: PSFCH overlapping
In the previous meeting, FL’s the latest proposals related to PSFCH overlapping in DRPS (Dynamic Resource Pool Sharing) were as follows [2]:
	Proposal 1-1(VII):
· 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 resources to be used for LTE SL transmissions in the time domain, the NR SL UE
· Always avoids transmissions on the 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 the PSFCH resources (Alt 2), or
· Conditionally avoids transmissions on a subset of the PSFCH resources.
· FFS details of conditions including 
· a (pre-)configured subset,
· the consideration of the LTE RSRP and LTE and/or NR priority,
· presence of PSCCH/PSSCH transmission in the same time slot LTE subframe as PSFCH transmission with the same power by the same UE.
· FFS for the case when there is an overlapping of time and frequency resources between PSFCH and LTE SL transmission
· Introduce additional PSFCH periodicity of [5, 8 and] 10.
· Note: Alignment between PSFCH periodicity and LTE logical subframes should be ensured by proper configuration.
· FFS: Whether to confine the PSFCH transmission, in the time domain, within the guard symbol of the LTE SL subframe.
· FFS details including the conditions.


Based on this proposal, we discuss issues on PSFCH configuration of NR SL resource pool. In the latest proposal, PSFCH configuration on co-channel based on (pre-)configuration was addressed. Although it may increase the workload for specification, it might be worth to configure Alt 1 or Alt 2 depending on network condition. Note that, Alt 1 is ‘to always avoid transmission on PSFCH resources’ and Alt 2 is ‘not to avoid transmission on PSFCH resources.’ 
Since Alt 1 makes NR SL UE to not transmit PSFCH if PSFCH resources overlap with LTE SL transmissions in the time domain, the AGC issue will not occur to LTE SL UE in any circumstances. However, it may incur increasing latency for PSSCH transmission from the NR SL UE’s perspective, since HARQ feedback cannot be transmitted when overlapped with LTE SL. Especially for NACK-only feedback in NR SL groupcast scenario, NR PSSCH TX UE can recognize as ‘ACK’ if NR PSSCH RX UE cannot transmit ‘NACK’ via PSFCH. 
On the other hand, Alt 2 makes NR SL UE to always transmit PSFCH, thus it will get better reliability performance than Alt 1 without increasing latency for PSSCH transmission from the NR SL UE’s perspective. However, if there are lots of LTE SL UE with high CBR and with higher portion of LTE SL UE than that of NR SL UE, LTE SL UE can select the subframe overlapped with NR PSFCH occasion. The reason is that RSSI-based resource exclusion process in LTE SL Mode 4 resource allocation cannot be performed, since reservation-based resource exclusion process already be preceded. It means, AGC issues can occur to LTE SL UE. 
In summary, Alt 1 has more advantages than Alt 2 when portion of LTE SL UEs is higher than portion of NR SL UEs. On the other hand, Alt 2 has more advantages than Alt 1 when portion of LTE SL UEs is lower than portion of NR SL UEs. Hence, in our view, network (pre-)configures Alt 1 or Alt 2 based on network condition and NR SL UE transmit PSFCH based on (pre-)configuration for dynamic resource pool sharing.
· Proposal 1: NR SL UE transmit PSFCH based on (pre-)configuration for dynamic resource pool sharing.
For the network (pre-)configuration of PSFCH transmission in co-channel, we propose RAN1 to study the PSFCH configuration method. Specifically, the network can configure Alt 1 or Alt 2 as UE-specific manner or cell-specific manner. In our perspective, it seems beneficial that the network configures PSFCH transmission method as UE-specific manner. For example, for a region in a cell that the number of NR SL UE (or Type A device) is larger than the number of LTE SL UE, the network can configure Alt 2 to Type A devices in the region. Since portion of NR traffic is larger than that of LTE traffic, LTE SL UE can exclude the single-slot resource overlapping with PSFCH by performing Mode 4 resource allocation. Also, for a region in the cell that the number of LTE SL UE is larger than the number of NR SL UE, the network can configure Alt 1 to Type A devices in the region. Since the portion of NR traffic is smaller than that of LTE, NR SL UE can avoid PSFCH transmission for overlapped resources, so AGC issues will not occur to LTE SL UEs. Therefore, it seems beneficial that the network configures co-channel PSFCH transmission method as UE-specific manner rather than cell-specific manner.
· Proposal 2: For network (pre-)configuration of PSFCH transmission method in co-channel, RAN1 to study the PSFCH configuration method.
· Proposal 3: It seems beneficial that the network configures PSFCH transmission method as UE-specific manner rather than cell-specific manner.
For the case when Alt 1 is configured, PSSCH RX UE does not transmit on overlapping PSFCH resources. However, PSSCH TX UE should not avoid selecting resources of PSCCH/PSSCH transmissions even when their PSFCH resources overlap with LTE SL transmissions. First, consideration of PSFCH resources in NR SL Mode 2 resource selection can make restrictions to candidate resource set of PSSCH TX UE. Also, it would not be possible for PSSCH TX UE to consider all the possible hidden node problem of PSSCH RX UE. If LTE SL UE and NR PSSCH TX UE locate in a faraway while NR PSSCH RX UE can receive signals from both UEs, PSSCH TX UE cannot know the situation of PSSCH RX UE. Hence, in our view, since avoiding transmissions on PSFCH resources would be up to NR PSSCH RX UE, not NR PSSCH TX UE, PSSCH TX UE should not avoid selecting resources of PSCCH/PSSCH transmissions even when their PSFCH resources overlap with LTE SL transmissions.
· Observation 1: Consideration of overlapping PSFCH resources in NR SL Mode 2 resource selection procedure can incur restrictions to candidate resource set of PSSCH TX UE.
· Observation 2: It would not be possible for PSSCH TX UE to consider all the possible hidden node problem of PSSCH RX UEs.
· Proposal 4: PSSCH TX UE should not avoid selecting resources of PSCCH/PSSCH transmissions even when their PSFCH resources overlap with LTE SL transmissions if Alt 1 is (pre-)configured/performed.
There are additional conditions to determine whether PSSCH RX UE should transmit PSFCH or not at overlapping PSFCH resources. For the case when the time and frequency resources are overlapped between PSFCH and LTE SL transmission, NR SL UE should not transmit PSFCH for reliability of NR/LTE SL transmissions. Moreover, NR SL UE should not avoid transmissions on a subset of the PSFCH resources in case of presence of PSCCH/PSSCH transmission in the same LTE subframe as PSFCH transmission by the same NR UE. To handle AGC issues of LTE SL UE, transmission power of PSCCH/PSSCH and PSFCH should be the same, since the first symbol of the LTE sidelink subframe is used for AGC process.
· Proposal 5: For the case when the time and frequency resources are overlapped between PSFCH and LTE SL transmission, NR SL UE should not transmit PSFCH.
· Proposal 6: NR SL UE should not avoid transmissions on a subset of the PSFCH resources in case of presence of PSCCH/PSSCH transmission in the same LTE subframe as PSFCH transmission with same transmission power by the same NR UE.
Issue 2: Use of Information Shared by LTE SL module
In the previous meeting, an agreement related to using of information shared by LTE SL module in DRPS was as follows [1]:
	Agreement at RAN1#111 meeting
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.


[bookmark: _Hlk118472514]Based on the agreement, 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. In our view, details for excluding resources based on shared information should follow the priority rule for simultaneous NR and E-UTRA transmission/reception defined by TS 38.213 Clause 16.2.4.1 [3].
	TS 38.213 Clause 16.2.4.1 [3]
If a UE 
-	would transmit a first channel/signal using E-UTRA radio access and second channels/signals using NR radio access, and
-	a transmission of the first channel/signal would overlap in time with a transmission of the second channels/signals, and
-	the priorities of the channels/signals are known to both E-UTRA radio access and NR radio access at the UE  msec prior to the start of the earliest of the two transmissions, where  and is based on UE implementation, 
the UE transmits only the channels/signals of the radio access technology with the highest priority 
-	as determined by the SCI formats scheduling the transmissions, or 
-	as indicated by higher layers in case of a S-SS/PSBCH block or a sidelink synchronization signal using E-UTRA radio access, or
-	as determined in clause 16.2.4.2 in case of PSFCH transmissions.
If a UE 
-	would respectively transmit or receive a first channel/signal using E-UTRA radio access and receive a second channel/signal or transmit second channels/signals using NR radio access, and
-	a transmission or reception of the first channel/signal would respectively overlap in time with a reception of the second channel/signal or transmission of the second channels/signals, and
-	the priorities of the channels/signals are known to both E-UTRA radio access and NR radio access at the UE  msec prior to the start of the earliest transmission or reception, where  and is based on UE implementation,
the UE transmits or receives the channels/signals of the radio access technology with the highest priority 
-	as determined by the SCI formats scheduling the transmissions, or
-	as indicated by higher layers in case of a S-SS/PSBCH block or a sidelink synchronization signal using E-UTRA radio access, or
-	as determined in clause 16.2.4.2 among PSFCH transmissions/receptions.


According to the current specification, if the LTE SL module’s transmission takes place at single subframe resource  and the priority of LTE traffic is higher than that of NR traffic, NR SL module should not transmit at single slot resource , that  overlaps with . In other words, NR SL module should exclude single slot resource  from the set  in step 5 of clause 8.1.4 of TS 38.214 [4].
· Proposal 7: Resource exclusion process performed by NR SL module should follow the priority rule for simultaneous NR and E-UTRA transmission/reception defined by clause 16.2.4.1 of TS 38.213.
· Proposal 8: If the LTE SL module transmits at single subframe resource  and the priority of LTE traffic is higher than the priority of NR traffic, NR SL module should exclude the single slot resource  from the set  which overlaps with .
According to the clause 16.2.4.1 of TS 38.213, a UE transmits or receives channels/signals of the radio access technology with the highest priority, as determined by the SCI formats scheduling transmissions. Hence, NR SL module should not transmit on single slot resource  which overlaps with the single subframe resource , that  is reserved or is expected to be used by other LTE SL UEs and the priority of LTE traffic is higher than the priority of NR traffic.
Since the resource allocation Mode 4 of LTE sidelink does not have process of re-evaluation and pre-emption, NR SL UE may avoid transmissions on resources reserved by other LTE SL UEs, even if the priority of other LTE SL UEs’ traffic is lower than the priority of the NR SL UE’s traffic. Therefore, for step 6 of clause 8.1.4 of TS 38.214, we propose NR SL module should exclude single slot resource  from the set  which overlaps with single subframe resource , that  is reserved or is expected to be used by other LTE UEs, and the RSRP measurement of LTE SL transmission is higher than the (pre-)configured threshold and the priority of other LTE SL UE’s traffic is same or lower than the priority of NR SL module’s traffic.
· Proposal 9: NR SL module should exclude single slot resource  from the set  which overlaps with the single subframe resource , that  satisfies one of following conditions:
·  is reserved or is expected to be used by other LTE SL UEs and the priority of other LTE SL UE’s traffic is higher than the priority of NR SL module’s traffic.
·  is reserved or is expected to be used by other LTE SL UEs and the RSRP measurement of LTE SL transmission is higher than the (pre-)configured threshold and the priority of LTE traffic is same or lower than the priority of NR SL module’s traffic.
Similar with Mode 4 resource allocation procedure of LTE sidelink or Mode 2 resource allocation procedure of NR sidelink, the cardinality of  should be ensured to prevent resource conflicts between NR SL UEs. Thus, if  is smaller than  after the resource exclusion process, then threshold is increased by 3dB for each priority value and the resource allocation procedure continues with step 4 of clause 8.1.4 of TS 38.214.
· Proposal 10: If  is smaller than  after the resource exclusion process, then threshold is increased by 3dB for each priority value and the resource allocation procedure continues with step 4 of clause 8.1.4 of TS 38.214 [4].
Issue 3: Higher SCS
In the previous meeting, FL’s the latest proposals related to higher SCS in DRPS were as follows [2]:
	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



For the compatibility with legacy NR SL devices, and for better performances of NR SL communications such as low latency, higher data rate and robustness to Doppler frequency shifts, higher SCS should also be supported in DRPS. Therefore, based on this proposal, we discuss issues on higher SCS configuration of NR SL resource pool.
· Proposal 11: NR SL should support higher than 15kHz SCS additionally for co-channel coexistence.
Issue 3-1: Discussions on Option 1
In the last meeting, some companies proposed using multi-consecutive slot transmission (MCSt) as Option 1, which is discussed for SL-U. In our view, using MCSt for Option 1 can be a possible solution to resolve AGC issue in LTE SL UEs if higher SCSs are supported. However, according to the current specification [2] of sidelink power control, PSCCH/PSSCH transmission power can be different in each slot since it is dependent on the priority of the packet, and CBR. It can lead to AGC issues on LTE SL UE. Therefore, we propose RAN1 to study power allocation mechanisms of PSCCH/PSSCH if Option 1 is adopted, that transmission power should be constant for all symbols within an LTE SL subframe of 15kHz SCS.
	TS 38.213 Clause 16.2.1 [3]
A UE determines a power  for a PSSCH transmission on a resource pool in symbols where a corresponding PSCCH is not transmitted in PSCCH-PSSCH transmission occasion  on active SL BWP  of carrier  as:
	 [dBm]
where
-	 is defined in [8-1, TS 38.101-1]
-	 is determined by a value of sl-MaxTxPower based on a priority level of the PSSCH transmission and a CBR range that includes a CBR measured in slot  [6, TS 38.214]; if sl-MaxTxPower is not provided, then ;
…(omitted)…


· Observation 3: For Option 1, PSCCH/PSSCH transmission power can be different in each slot since it is dependent on the priority of the packet, and CBR, which may lead to AGC issues on LTE SL UE.
· Proposal 12: RAN1 to study power allocation mechanisms of PSCCH/PSSCH if Option 1 is adopted.
· Proposal 13: For Option 1, transmission power should be constant for all symbols within an LTE SL subframe of 15kHz SCS.
If Option 1 is adopted, it should take place in all slots configured within the LTE SL resource pool. Since the LTE SL module of UE does not have information of initial transmission from other LTE SL UE, it is hard for NR SL UE to predict the initial transmission of LTE SL UE. Hence, option 1 should take place in all slots configured within the LTE SL resource pool, if higher SCS is supported. Moreover, we propose to RAN1 to study the specific resource allocation process for option 1, i.e., specific method of MCSt resource allocation process applied to option 1.
· Proposal 14: If Option 1 is adopted, it should take place in all slots configured within the LTE SL resource pool.
· Proposal 15: RAN1 to study the specific resource allocation process for Option 1, i.e., specific method of MCSt resource allocation process applied to Option 1.
Issue 3-2: Discussions on Option 3
Option 3 suggests that 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. In our view, just excluding slots overlapping with LTE SL transmissions restricts performance of NR SL communications. For example, if 60kHz SCS is configured to NR SL resource pool, 4 consecutive slots are excluded from the candidate resource set of Mode 2 resource allocation procedure. In other words, candidate resource set of an NR SL UE can be restricted especially if the portion of LTE SL transmissions is large. As a result, contention between NR SL UEs becomes harsh, and more resource conflicts may happen between NR SL UEs, which leads to reliability issues for NR SL communications.
· Observation 4: For Option 3 resolving AGC issues in LTE SL UEs with higher SCS, candidate resource set of an NR SL UE can be restricted if the portion of LTE SL transmissions is large, which may lead to contention between NR SL UEs.
Moreover, it is hard for LTE SL module to know the initial transmission of other LTE SL UEs. In other words, NR SL module does not have the information of initial transmissions of other LTE SL UEs, and NR SL module cannot exclude resources used for initial transmission of other LTE SL UEs. It can incur AGC issues to other LTE SL UEs. Hence, we propose RAN1 to study option 1 rather than option 3.
· Observation 5: NR SL module cannot exclude resources used for initial transmission of other LTE SL UEs, which may occur AGC issues to other LTE SL UEs.
· Proposal 16: For resolving AGC issues in LTE SL UEs with higher SCS, RAN1 to study Option 1.
2 Conclusion
In this contribution, we have discussed issues on co-channel coexistence for LTE sidelink and NR sidelink. As a conclusion, we summarize our view as follows:
· Proposal 1: NR SL UE transmit PSFCH based on (pre-)configuration for dynamic resource pool sharing.
· Proposal 2: For network (pre-)configuration of PSFCH transmission method in co-channel, RAN1 to study the PSFCH configuration method.
· Proposal 3: It seems beneficial that the network configures PSFCH transmission method as UE-specific manner rather than cell-specific manner.
· Observation 1: Consideration of overlapping PSFCH resources in NR SL Mode 2 resource selection procedure can incur restrictions to candidate resource set of PSSCH TX UE.
· Observation 2: It would not be possible for PSSCH TX UE to consider all the possible hidden node problem of PSSCH RX UEs..
· Proposal 4: PSSCH TX UE should not avoid selecting resources for PSCCH/PSSCH transmissions even when their PSFCH resources overlap with LTE SL transmissions if Alt 1 is (pre-)configured/performed.
· Proposal 5: For the case when the time and frequency resources are overlapped between PSFCH and LTE SL transmission, NR SL UE should not transmit PSFCH.
· Proposal 6: NR SL UE should not avoid transmissions on a subset of the PSFCH resources in case of presence of PSCCH/PSSCH transmission in the same LTE subframe as PSFCH transmission with same transmission power by the same NR UE.
· Proposal 7: Resource exclusion process performed by NR SL module should follow the priority rule for simultaneous NR and E-UTRA transmission/reception defined by clause 16.2.4.1 of TS 38.213.
· Proposal 8: If the LTE SL module transmits at single subframe resource  and the priority of LTE traffic is higher than the priority of NR traffic, NR SL module should exclude the single slot resource  from the set  which overlaps with .
· Proposal 9: NR SL module should exclude single slot resource  from the set  which overlaps with the single subframe resource , that  satisfies one of following conditions:
·  is reserved or is expected to be used by other LTE SL UEs and the priority of other LTE SL UE’s traffic is higher than the priority of NR SL module’s traffic.
·  is reserved or is expected to be used by other LTE SL UEs and the RSRP measurement of LTE SL transmission is higher than the (pre-)configured threshold and the priority of LTE traffic is same or lower than the priority of NR SL module’s traffic.
· Proposal 10: If  is smaller than  after the resource exclusion process, then threshold is increased by 3dB for each priority value and the resource allocation procedure continues with step 4 of clause 8.1.4 of TS 38.214 [4].
· Proposal 11: NR SL should support higher than 15kHz SCS additionally for co-channel coexistence.
· Observation 3: For Option 1, PSCCH/PSSCH transmission power can be different in each slot since it is dependent on the priority of the packet, and CBR, which may lead to AGC issues on LTE SL UE.
· Proposal 12: RAN1 to study power allocation mechanisms of PSCCH/PSSCH if Option 1 is adopted.
· Proposal 13: For Option 1, transmission power should be constant for all symbols within an LTE SL subframe of 15kHz SCS.
· Proposal 14: If Option 1 is adopted, it should take place in all slots configured within the LTE SL resource pool.
· Proposal 15: RAN1 to study the specific resource allocation process for Option 1, i.e., specific method of MCSt resource allocation process applied to Option 1.
· Observation 4: For Option 3 resolving AGC issues in LTE SL UEs with higher SCS, candidate resource set of an NR SL UE can be restricted if the portion of LTE SL transmissions is large, which may lead to contention between NR SL UEs.
· Observation 5: NR SL module cannot exclude resources used for initial transmission of other LTE SL UEs, which may occur AGC issues to other LTE SL UEs.
· Proposal 16: For resolving AGC issues in LTE SL UEs with higher SCS, RAN1 to study Option 1.
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