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1 Introduction
At the RAN1#110b-e meeting, followings were agreed for co-channel coexistence for LTE SL and NR SL [1].
	Agreement
For dynamic resource pool sharing, the candidate information shared by the LTE SL module to the NR SL module may include one or more of the following parameters, to be down-selected:
· Time and frequency locations of reserved resources by other LTE UEs, determined based on decoded SCIs
· SL RSRP measurement results
· Resource reservation periods based on decoded SCI and for own LTE SL transmissions
· Priority based on decoded SCI and for own LTE SL transmissions
· Time and frequency location of resources used for own LTE SL transmissions
· Candidate resource set SA or SB
· SL RSSI measurements
· LTE logical subframe related information
· Resources corresponding to half-duplex subframes which are not monitored by the LTE SL UE
Agreement
For dynamic resource pool sharing, the NR SL module uses the information shared by the LTE SL module to the NR SL module to determine the set of resources for its own transmission.
· FFS: which layer carries out the resource determination: PHY layer or MAC layer.
Agreement
· For dynamic resource pool sharing, where the NR SL module uses the candidate information shared by the LTE SL module to the NR SL module, continue studying the following alternatives:
· Alt 1: The LTE SL module provides the NR SL module with the candidate information (excluding at least the candidate resource sets SA or SB)
· The NR SL module identifies a set of resources based on information shared by the LTE SL module.
· FFS: how to identify the set of resources
· The NR SL module excludes these identified resources from its own candidate resource set when performing the resource (re)selection procedure.
· The exclusion process is performed in the PHY layer.
· Note: implementation of Alt 1 should not have specification impact to LTE
· Alt 2: The LTE SL module provides the NR SL module with the candidate resource sets SA or SB shared by the LTE SL module
· The LTE PHY SL module is provided information from the higher layer to generate a candidate resource set SA or SB. The resource set SA or SB is then shared to NR SL module.
· The NR SL module performs an intersection operation with the candidate resource set received from the LTE SL module and the candidate resource set generated by the NR SL module.
· FFS: how to handle the case where this results in an insufficient set of resources
· The intersection operation is performed in the MAC layer.
· FFS: How to handle NR V2X parameter settings that are not supported by LTE V2X, e.g., periodicities, sub-channel sizes, etc
· Note: implementation of Alt 2 should not have specification impact to LTE
· In the next meeting strive to decide between the two alternatives

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



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 configuration of NR SL resource pool
In the previous meeting, final proposals related to PSFCH overlapping in DRPS(Dynamic Resource Pool Sharing) were as follows:
	Proposal 1-1 (V):
· For dynamic resource pool sharing, in NR SL resource pools with PSFCH configured and when HARQ-ACK is enabled, the NR SL UE avoids PSFCH transmissions in time slots that overlap with subframes used for LTE SL transmissions (Alt 1).
· At least the PSCCH/PSSCH RX UE does not transmit on PSFCH resources that overlap with LTE SL transmissions in the time domain.
· FFS: The PSCCH/PSSCH TX UE avoids selecting resources for PSCCH/PSSCH transmissions with corresponding PSFCH resources that overlap with LTE SL transmissions in the time domain.
· FFS details.
· FFS: NR SL UEs use a periodically repeating set of PSFCH slots (Alt 2).
· Within these periodically repeating slots, the NR SL UE may be optionally (pre-)configured with the following options:
· The PSCCH/PSSCH TX UE avoids selecting resources for PSCCH/PSSCH transmissions with corresponding PSFCH resources that overlap with LTE SL transmissions in the time domain, or
· The PSCCH/PSSCH RX UE does not transmit on PSFCH resources that overlap with LTE SL transmissions in the time domain, or
· Both.
· Determine details including 
· Periodicity of the basic set of PSFCH slots and the location (in time) of PSFCH slots within the basic set.
· FFS: whether/how to handle the case where the RX UE has a PSCCH/PSSCH transmission in the same time slot as a PSFCH transmission, in the overlapping slot with an LTE SL transmission.



Based on this proposal, we discuss issues on PSFCH configuration of NR SL resource pool
Issue 1-1: Discussions on Alt 1
In the last meeting, many companies had a similar view that at least the PSCCH/PSSCH RX UE does not transmit on PSFCH resources that overlap with LTE SL transmissions in the time domain. We also share the same view that the PSCCH/PSSCH RX UE should not transmit feedback on the PSFCH occasion overlapped with the LTE SL transmission. Since the PSCCH/PSSCH TX UE may not detect the LTE transmission due to UE topology, the UE cannot avoid selecting resources for PSCCH/PSSCH transmissions with corresponding PSFCH resources that overlap with LTE SL transmissions in the time domain. However, the above proposal can cause several reliability issues. If the PSCCH/PSSCH TX UE requires the NACK-only feedback, avoiding the PSFCH transmission of NACK feedback can be regarded as ACK for the transmitted NR PSSCH, which may incur a critical reliability issue especially for the high priority traffic. If the PSCCH/PSSCH TX UE requires the ACK/NACK feedback, avoiding the PSFCH transmission of ACK/NACK feedback would increase channel load, since several retransmissions of the NR PSSCH may be performed.
· Observation 1: NR UE avoiding PSFCH transmissions in slots overlapped with LTE SL transmissions (Alt 1) with current NR SL specifications can cause several reliability issues
· In case of NACK-only feedback, a UE transmitting PSSCH can regard as ‘ACK’ if PSFCH transmission of NACK feedback is avoided.
· In case of ACK/NACK feedback, a channel load may be increased as a UE transmitting PSSCH performs retransmissions for a non-feedbacked PSSCH transmission.
For these reasons, we propose to study additional methods for avoiding PSFCH transmission. Simply dropping the HARQ feedback can cause issues described above. Postponing the PSFCH transmission may cause latency issues, however, it can be overcome with network’s configuration of NR PSFCH period. For instance, network can configure NR PSFCH period as 1 or 2 slots to reduce the feedback delay. Also, postponing the PSFCH transmission can mitigate reliability issues especially for the case of NACK-only feedback, since the UE transmitting PSSCH should receive NACK feedback early and perform retransmissions of PSSCH if required. Moreover, a channel load will not be increased as the UE transmitting PSSCH will not retransmit if the device receives postponed ACK feedback. Hence, for reliability of NR sidelink transmissions, we prefer postponing PSFCH transmissions compared to dropping it and it should be further investigated how to indicate postponed PSFCH transmission or how to multiplex postponed PSFCH transmission with other PSFCH transmission.
· Proposal 1: RAN1 to study whether the PSCCH/PSSCH RX UE will drop or postpone the PSFCH transmission
· Proposal 2: Postponing PSFCH transmission is preferable to dropping the transmission when avoiding PSFCH transmission in case of co-channel coexistence for reliability of NR sidelink communications
· It should be further studied how to indicate postponed PSFCH transmission
There are some issues for postponing PSFCH transmissions. If PSFCH transmissions are postponed, there should be time limit for the postponed PSFCH transmission. It is essential for a PSCCH/PSSCH TX UE, because it has to determine whether to perform retransmissions. Also, if the time-frequency resource of postponed PSFCH transmission and new PSFCH transmission to a single UE is overlapped, a handling mechanism (e.g., multiplexing scheme) of them might be needed. Hence, we propose RAN1 to study time limit for postponed PSFCH transmission and handling mechanism of simultaneous PSFCH transmissions to a single UE.
· Proposal 3: RAN1 to study methods for postponing PSFCH transmission for co-channel coexistence of LTE sidelink and NR sidelink.
· Time limit for postponed PSFCH transmissions.
· Handling mechanisms (e.g., multiplexing schemes) of simultaneous transmissions of postponed PSFCH and new PSFCH to a single UE.
Issue 1-2: Discussions on Alt 2
Alt 2 suggests that NR SL UEs use a periodically repeating set of PSFCH slots, so that LTE SL UEs can exclude subframes that corresponds to NR PSFCH slots according to LTE SL resource allocation Mode 4 [2]. However, we should note that this process only depends on RSSI sensing results of single-subframe resources, since LTE SL UE cannot decode NR SL transmissions.
	TS 36.213 Clause 14.1.1.6 [2]
…(omitted)…


4)	The set  is initialized to the union of all the candidate single-subframe resources. The set  is initialized to an empty set. 


5)	The UE shall exclude any candidate single-subframe resource  from the set  if it meets all the following conditions:

-	the UE has not monitored subframe  in Step 2.











-	there is an integer j which meets  where j=0, 1, …, , , k is any value allowed by the higher layer parameter restrictResourceReservationPeriod and q=1,2,…,Q. Here,  if  and , where  if subframe n belongs to the set , otherwise subframe  is the first subframe belonging to the set  after subframe n; and  otherwise.


6)	The UE shall exclude any candidate single-subframe resource  from the set  if it meets all the following conditions:



-	the UE receives an SCI format 1 in subframe , and "Resource reservation" field and "Priority" field in the received SCI format 1 indicate the values  and , respectively according to Clause 14.2.1.

-	PSSCH-RSRP measurement according to the received SCI format 1 is higher than .












[bookmark: OLE_LINK8][bookmark: OLE_LINK9]-	the SCI format received in subframe or the same SCI format 1 which is assumed to be received in subframe(s)  determines according to 14.1.1.4C the set of resource blocks and subframes which overlaps with  for q=1, 2, …, Q and j=0, 1, …, . Here, if  and , where  if subframe n belongs to the set , otherwise subframe is the first subframe after subframe n belonging to the set ; otherwise .



7)	If the number of candidate single-subframe resources remaining in the set  is smaller than , then Step 4 is repeated with  increased by 3 dB.







8)	For a candidate single-subframe resource  remaining in the set, the metric  is defined as the linear average of S-RSSI measured in sub-channels x+k for  in the monitored subframes in Step 2 that can be expressed by  for a non-negative integer j if , and  for a non-negative integer j otherwise. 






9)	The UE moves the candidate single-subframe resource  with the smallest metric  from the set  to . This step is repeated until the number of candidate single-subframe resources in the set  becomes greater than or equal to ,
…(omitted)…



According to LTE SL resource allocation Mode 4 specification, resource exclusion process based on LTE SCI reservation and RSRP measurements (the above steps of 5~7) is performed earlier than resource exclusion process based on RSSI sensing measurements (the above steps of 8~9). It can incur another issues for some cases for Alt 2. The figure below describes the LTE SL resource selection window in Mode 4, assuming that the channel load is high. 
[image: ]
Figure 1. LTE SL UE’s resource selection window for high vehicle density

If Alt 2 is applied, the subframe corresponds to NR PSFCH occasion will be used by NR SL UEs, and the RSSI measurement of those subframes will be higher than other subframes’ RSSI measurements. Thus, if the CBR (Channel Busy Ratio) is low, the subframe used by NR SL UEs will be excluded by the resource allocation process. However, if the CBR is high, the subframes used by NR SL UEs cannot be excluded since other subframes used by other LTE SL UEs would be excluded earlier. Note that V2X urban scenario can be observed with high vehicle density, which results in high CBR. Then, the candidate resource set  of the LTE SL UE would include the subframe used by NR SL UEs. As a result, there is a possibility that the LTE SL UE still uses the subframe used by NR SL UEs, hence an NR SL UE should avoid PSFCH transmissions in timeslots that overlap with subframes used for LTE SL transmissions, which means Alt 2 needs a similar solution to Alt 1 in some cases.
· Observation 2: In LTE SL Mode 4 resource allocation process, the resource exclusion process based on RSRP measurements and LTE SCI receptions is performed earlier than the resource exclusion process based on RSSI measurements.
· Observation 3: From the observation 2, we can observe that LTE transmissions can occur in the NR PSFCH slots in case of high channel load.
· Observation 4: From the observation 3, Alt 2 suffers similar issues as Alt 1, hence requires similar solutions as Alt 1.
[image: ]
Figure 2. Depiction of Alt 2 where the NR SL UE uses a periodically repeating set of PSFCH time slots [3]

Based on Alt 2 example depicted in figure 2, a periodically repeating basic NR transmission resource set is derived from the NR resource pool configuration. In other words, a periodically repeating basic resource set contains smaller number of PSFCH occasions than the original NR resource pool configuration. Since the number of PSFCH occasion slots becomes smaller than the original NR resource pool, latency and reliability issues of NR sidelink communications can be occurred due to late and decreased transmissions of HARQ feedback compared to the original NR resource pool. Hence, we propose RAN1 to study Alt 1, i.e., avoid PSFCH transmission in time slots that overlap with subframes used for LTE SL transmissions.
· [bookmark: _Hlk118389917]Observation 5: Due to late and decreased transmissions of HARQ feedback compared to the original NR resource pool, latency and reliability issues of NR sidelink communications can be occurred.
· Proposal 4: RAN1 to study Alt 1, i.e., avoid PSFCH transmission in time slots that overlap with subframes used for LTE SL transmissions.
Issue 1-3: Discussions on other issues for PSFCH configuration of NR SL resource pool
In the previous meeting, some companies proposed to study whether/how to handle the case where the RX UE has a PSCCH/PSSCH transmission in the same time slot as a PSFCH transmission, in the overlapping slot with an LTE SL transmission. In our view, to handle AGC issues of LTE SL UEs, transmission powers of PSCCH/PSSCH and PSFCH should be constant, since the first symbol of the LTE sidelink subframe is used for AGC process. Hence, in case where the RX UE has a PSCCH/PSSCH transmission in the same time slot as a PSFCH transmission while the slot is overlapped with an LTE SL transmission, the RX UE should transmit both PSCCH/PSSCH and PSFCH with the same transmission power.
· Proposal 5: In case where the RX UE has a PSCCH/PSSCH transmission in the same time slot as a PSFCH transmission while the slot is overlapped with an LTE SL transmission, the RX UE should transmit both PSCCH/PSSCH and PSFCH with the same transmission power.
Issue 2: SCS configuration of NR SL resource pool
In the previous meeting, final proposals related to configure higher SCS in DRPS were as follows:
	Proposal 1-5 (V):
· For dynamic resource pool sharing, the following options are studied to resolve the AGC issue in LTE SL UEs if higher SCSs are supported:
· Option 1: Use of multi-slot transmissions or slot aggregation, where the NR SL transmissions of higher SCSs occupy all symbols (across multiple time slots) within a LTE SL subframe of 15 kHz at least when the NR SL transmission overlaps an LTE SL transmission.
· Option 2: NR SL UE transmits LTE SCIs (SCI format 0 or 1), indicating resources reserved by NR SL transmissions, informing the LTE SL UEs about the resource reservations used by NR SL UEs.
· 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.
· Other options are not precluded, including combination of more than one option.



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. Thus, based on this proposal, we discuss issues on higher SCS configuration of NR SL resource pool.
· [bookmark: _Hlk118392280]Proposal 6: NR SL should support higher than 15kHz SCS additionally for co-channel coexistence.
Issue 2-1: Discussions on Option 1
In the last meeting, some companies proposed using of multi-slot transmissions or slot aggregation so that the NR SL transmission of higher SCSs can occupy all symbols within an LTE SL subframe of 15kHz. In our view, it can be a possible solution to resolve the AGC issue in LTE SL UEs if higher SCSs are supported. However, there are some remaining issues to the multi-slot transmissions or slot aggregation.
First, transmission power in aggregated or multi-transmitted slots should be constant. If transmission powers of each slot are different, it is hard to resolve the AGC issue in LTE SL UEs since only the first symbol in the LTE SL subframe is used for AGC process.
	TS 38.213 Clause 16.2.1 [4]
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 ;
-	if dl-P0-PSSCH-PSCCH is provided
-	 [dBm]
-	else 
-	 [dBm]
where
-	 is a value of dl-P0-PSSCH-PSCCH if provided
-	 is a value of dl-Alpha-PSSCH-PSCCH, if provided; else,  
-	 when the active SL BWP is on a serving cell , as described in clause 7.1.1 except that
-	the RS resource is the one the UE uses for determining a power of a PUSCH transmission scheduled by a DCI format 0_0 in serving cell  when the UE is configured to monitor PDCCH for detection of DCI format 0_0 in serving cell 
-	the RS resource is the one corresponding to the SS/PBCH block the UE uses to obtain MIB when the UE is not configured to monitor PDCCH for detection of DCI format 0_0 in serving cell 
-	 is a number of resource blocks for the PSSCH transmission occasion  and  is a SCS configuration
-	if sl-P0-PSSCH-PSCCH is provided and if a SCI format scheduling the PSSCH transmission includes a cast type indicator field indicating unicast or is SCI format 2-C
-	 [dBm]
-	else
-	 [dBm]
where
-	 is a value of sl-P0-PSSCH-PSCCH, if provided 
-	 is a value of sl-Alpha-PSSCH-PSCCH, if provided; else, 
-	, where
-	 is obtained from a PSSCH transmit power per RE summed over the antenna ports of the UE, higher layer filtered across PSSCH transmission occasions using a filter configuration provided by sl-FilterCoefficient, and
-	 is a RSRP, as defined in [7, TS 38.215], that is reported to the UE from a UE receiving the PSCCH-PSSCH transmission and is obtained from a PSSCH DM-RS using a filter configuration provided by sl-FilterCoefficient
-	 is a number of resource blocks for PSCCH-PSSCH transmission occasion  and  is a SCS configuration 
…(omitted)…


Based on the current specification [4], transmission powers in aggregated or multi-transmitted slots can be different, since TX power depends on packet priority, channel busy ratio (CBR), and the number of RBs used for the PSSCH transmission. To resolve the AGC issue in LTE SL UEs for supported higher SCSs, we propose RAN1 to study power control mechanisms of PSCCH/PSSCH in case of multi-slot transmission or slot aggregation for configured higher SCSs. Moreover, we also propose that transmission power should be constant in case of multi-slot transmission or slot aggregation.
· [bookmark: _Hlk118456671]Observation 6: If transmission powers of each slot are different in case of multi-slot transmissions or slot aggregation, the AGC issue can occur to LTE SL UEs.
· PSCCH/PSSCH transmission powers can be different in each slot since it is dependent on the priority of the packet, CBR, and the number of RBs used for the PSSCH transmission.
· Proposal 7: RAN1 to study power allocation mechanisms of PSCCH/PSSCH if multi-slot transmissions or slot aggregation is adopted.
· Proposal 8: Transmission power should be constant in case of multi-slot transmissions or slot aggregation for all symbols within an LTE SL subframe of 15kHz, at least when the NR SL transmission overlaps an LTE SL transmission.
Second, according to the current specification [4], a PSCCH/PSSCH RX UE has to send multiple PRBs (i.e., PSFCH) to a PSCCH/PSSCH RX UE if multi-slot transmissions or slot aggregation takes place.
[image: ]
Figure 3. Example of multi-PSFCH transmission situation in case of multi-slot transmissions

In figure 3, it assumes co-channel coexistence situation that 30kHz SCS is configured in NR SL resource pool, 4 slots of PSFCH period and 2 slots of minimum time gap between PSSCH reception and PSFCH transmission. In this example, since multi-slot transmissions are performed by two PSCCH/PSSCH TX UE, a PSCCH/PSSCH RX UE has to transmit 4 PRBs for HARQ feedback transmissions in one PSFCH occasion. It can lead to severe coverage issues of PSFCH transmissions. Although the current specification defined priority rules of PSFCH transmission, it didn’t consider multi-slot transmissions, i.e., receiver of multiple PSFCH transmissions is not considered to be the same UE. However, since multi-slot transmissions or slot aggregation is performed by one UE, the receiver of multiple PRBs can be also the same UE. Therefore, we propose RAN1 to study multiplexing schemes of HARQ feedbacks (at least two HARQ feedbacks can be multiplexed) in case of multi-slot transmissions or slot aggregation. Note that HARQ feedbacks should be multiplexed only if those HARQ feedbacks’ receiver is the same UE.
· Observation 7: For Option 1 resolving AGC issues in LTE SL UEs with higher SCS, a PSCCH/PSSCH RX UE has to transmit multiple HARQ feedbacks (i.e., multiple PRBs) in a PSFCH occasion to a PSCCH/PSSCH TX UE since multi-slot transmissions or slot aggregation is performed.
· Observation 8: Transmission of multiple PSFCHs in one PSFCH occasion may lead to coverage issues.
· [bookmark: _Hlk118470783]Proposal 9: RAN1 to study multiplexing schemes of HARQ feedbacks if multi-slot transmissions or slot aggregation is adopted.
· HARQ feedbacks should be multiplexed only if those HARQ feedbacks’ receiver is the same UE.
Issue 2-2: 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. Hence, we propose RAN1 to study option 1, i.e., slot aggregation or multi-slot transmissions mechanism, rather than option 3.
· [bookmark: _Hlk118472514]Observation 9: 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
· Proposal 10: For resolving AGC issues in LTE SL UEs with higher SCS, RAN1 to study Option 1, i.e., slot aggregation or multi-slot transmissions mechanism, rather than Option 3.
Issue 3: Details of LTE sensing information shared by LTE SL module
 In the last meeting, two alternatives were proposed as details of the LTE sensing information that is to be shared by the LTE SL module to the NR SL module. Alt 1 suggests that the LTE SL module provides the NR SL module with the candidate information, and the NR SL module identifies a set of resources based on the shared information. Then, the NR SL module excludes these identified resources from its own candidate resource set when performing the resource selection procedure. Alt 2, however, suggests that the LTE SL module provides the NR SL module with the candidate resource sets  or , and the LTE PHY SL module is provided information from the higher layer to generate a candidate resource set  or . Then, the NR SL module performs an intersection operation in the MAC layer with the candidate resource set received from the LTE SL module and the candidate resource set generated by the NR SL module. In our perspective, Alt 1 is preferable to Alt 2 since LTE SL does not support many of the periodicities supported by NR SL. Moreover, intersection operation with a candidate resource set received from the LTE SL module and a candidate resource set generated by the NR SL module restricts the number of candidate single-slot resources which may incur resource conflicts between NR SL UEs. Also, for the perspective of PSFCH transmission of NR SL in co-channel coexistence, Alt 1 is more effective than Alt 2. Alt 1 provides resources that should be excluded, so the NR SL module can consider the resource information of LTE SL UEs for PSFCH transmissions. However, suggested current options for PSFCH transmissions (i.e., Alt 1 and Alt 2 of PSFCH overlapping discussed in Issue 1) should be reconsidered as Alt 2 only provides the candidate resource set generated by the LTE SL module. Note that, Alt 1 and Alt 2 of issues on PSFCH configuration in DRPS need resource reservation information of LTE SL UEs. Hence, we propose RAN1 to study Alt 1.
· Observation 10: For details of LTE sensing information shared by LTE SL module, LTE SL does not support many of the periodicities supported by NR SL.
· Observation 11: Intersection operation in Alt 2 restricts the number of candidate resources that may incur resource conflicts between NR SL UEs.
· Observation 12: Suggested current options for PSFCH transmissions have to reconsidered if Alt 2 is adopted since Alt 2 only provides the candidate resource set generated by the LTE SL module.
· Note that, Alt 1 and Alt 2 of issues on PSFCH configuration in DRPS need resource reservation information of other LTE SL UEs.
· Proposal 11: For details of LTE sensing information shared by LTE SL module, RAN1 to study Alt 1 rather than Alt 2.
For Alt 1, regarding the timing of how often the LTE SL module is expected to send the information to the NR SL module, at least the same value with the PSSCH transmission periodicity of the LTE SL module (i.e., reservation period of LTE SL module) should be supported. Since LTE SL mainly assumes periodic transmissions, resource information of LTE SL UEs will be updated periodically with every resource reservation period. Hence, in our view, the LTE SL module is expected to send the information to the NR SL module every resource reservation period of LTE SL module.
· Proposal 12: For details of LTE sensing information shared by LTE SL module, the LTE SL module is expected to send the information to the NR SL module periodically at every resource reservation period of the LTE SL module if Alt 1 is adopted.
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:
· Observation 1: NR UE avoiding PSFCH transmissions in slots overlapped with LTE SL transmissions (Alt 1) with current NR SL specifications can cause several reliability issues
· In case of NACK-only feedback, a UE transmitting PSSCH can regard as ‘ACK’ if PSFCH transmission of NACK feedback is avoided.
· In case of ACK/NACK feedback, a channel load may be increased as a UE transmitting PSSCH performs retransmissions for a non-feedbacked PSSCH transmission.
· Proposal 1: RAN1 to study whether the PSCCH/PSSCH RX UE will drop or postpone the PSFCH transmission
· Proposal 2: Postponing PSFCH transmission is preferable to dropping the transmission when avoiding PSFCH transmission in case of co-channel coexistence for reliability of NR sidelink communications
· It should be further studied how to indicate postponed PSFCH transmission
· Proposal 3: RAN1 to study methods for postponing PSFCH transmission for co-channel coexistence of LTE sidelink and NR sidelink.
· Time limit for postponed PSFCH transmissions.
· Handling mechanisms (e.g., multiplexing schemes) of simultaneous transmissions of postponed PSFCH and new PSFCH to a single UE.
· Observation 2: In LTE SL Mode 4 resource allocation process, the resource exclusion process based on RSRP measurements and LTE SCI receptions is performed earlier than the resource exclusion process based on RSSI measurements.
· Observation 3: From the observation 2, we can observe that LTE transmissions can occur in the NR PSFCH slots in case of high channel load.
· Observation 4: From the observation 3, Alt 2 suffers similar issues as Alt 1, hence requires similar solutions as Alt 1.
· Observation 5: Due to late and decreased transmissions of HARQ feedback compared to the original NR resource pool, latency and reliability issues of NR sidelink communications can be occurred.
· Proposal 4: RAN1 to study Alt 1, i.e., avoid PSFCH transmission in time slots that overlap with subframes used for LTE SL transmissions.
· Proposal 5: In case where the RX UE has a PSCCH/PSSCH transmission in the same time slot as a PSFCH transmission while the slot is overlapped with an LTE SL transmission, the RX UE should transmit both PSCCH/PSSCH and PSFCH with the same transmission power.
· Proposal 6: NR SL should support higher than 15kHz SCS additionally for co-channel coexistence.
· Observation 6: If transmission powers of each slot are different in case of multi-slot transmissions or slot aggregation, the AGC issue can occur to LTE SL UEs.
· PSCCH/PSSCH transmission powers can be different in each slot since it is dependent on the priority of the packet, CBR, and the number of RBs used for the PSSCH transmission.
· Proposal 7: RAN1 to study power allocation mechanisms of PSCCH/PSSCH if multi-slot transmissions or slot aggregation is adopted.
· Proposal 8: Transmission power should be constant in case of multi-slot transmissions or slot aggregation for all symbols within an LTE SL subframe of 15kHz, at least when the NR SL transmission overlaps an LTE SL transmission.
· Observation 7: For Option 1 resolving AGC issues in LTE SL UEs with higher SCS, a PSCCH/PSSCH RX UE has to transmit multiple HARQ feedbacks (i.e., multiple PRBs) in a PSFCH occasion to a PSCCH/PSSCH TX UE since multi-slot transmissions or slot aggregation is performed.
· Observation 8: Transmission of multiple PSFCHs in one PSFCH occasion may lead to coverage issues.
· Proposal 9: RAN1 to study multiplexing schemes of HARQ feedbacks if multi-slot transmissions or slot aggregation is adopted.
· HARQ feedbacks should be multiplexed only if those HARQ feedbacks’ receiver is the same UE.
· Observation 9: 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
· Proposal 10: For resolving AGC issues in LTE SL UEs with higher SCS, RAN1 to study Option 1, i.e., slot aggregation or multi-slot transmissions mechanism, rather than Option 3.
· Observation 10: For details of LTE sensing information shared by LTE SL module, LTE SL does not support many of the periodicities supported by NR SL.
· Observation 11: Intersection operation in Alt 2 restricts the number of candidate resources that may incur resource conflicts between NR SL UEs.
· Observation 12: Suggested current options for PSFCH transmissions have to reconsidered if Alt 2 is adopted since Alt 2 only provides the candidate resource set generated by the LTE SL module.
· Note that, Alt 1 and Alt 2 of issues on PSFCH configuration in DRPS need resource reservation information of other LTE SL UEs.
· Proposal 11: For details of LTE sensing information shared by LTE SL module, RAN1 to study Alt 1 rather than Alt 2.
· Proposal 12: For details of LTE sensing information shared by LTE SL module, the LTE SL module is expected to send the information to the NR SL module periodically at every resource reservation period of the LTE SL module if Alt 1 is adopted.
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NR resource pool configuration with 1 PSFCH slot every 4 TTI

n+19

(a) NR resource pool configuration with 1 slot containing resources for PSFCH (in orange) every 4
slots. NR SL will use all the resources in this pool when it need not coexist with LTE SL.
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(b) A periodically repeating basic NR transmission resource set derived from the NR resource pool

configuration.
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