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1 Introduction
At the RAN1#110 and the RAN#97-e meeting, followings were agreed for co-channel coexistence for LTE SL and NR SL [1], [2].
	Working assumption at RAN1#110 meeting
Co-channel coexistence between LTE SL and NR SL is supported for device type A. Device type A contains both LTE SL and NR SL modules. For device type A, the NR SL module may use the sensing and resource reservation information shared by the LTE SL module.
Conclusion at RAN1#110 meeting
For co-channel coexistence in Rel-18, RAN1 concludes that the TDM-based semi-static resource pool partitioning based on Rel-16/17 specifications is one possible solution to ensure co-channel coexistence between LTE-V UEs and NR-V UEs.
· Note: The LTE and NR resource pools do not overlap in time with each other in the TDM-based semi-static resource pool partitioning.
· Note 2: Rel-16 in-device coexistence framework can ensure alignment between the slot boundary of the NR SL time slot and the subframe boundary of the LTE SL subframe
· FFS: potential enhancements for synchronization can be further investigated
Agreement at RAN1#110 meeting
For co-channel coexistence in Rel-18, dynamic resource pool sharing is studied, with the following constraints:
· NR SL resource pool is configured with 15 kHz SCS.
· FFS support of NR SL resource pool configured with higher SCS, including other solutions to overcome the AGC issue caused by the differing SCSs between the NR SL and LTE SL resource pools
· For NR PSFCH (if configured), at least the following alternatives are studied:
· Alt 1: Avoid PSFCH transmission in time slots that overlap with subframes used for LTE SL transmissions.
· FFS: Avoiding PSFCH transmissions can be performed by the UE transmitting PSFCH and/or the UE transmitting PSSCH.
· Alt 2: NR SL UEs use a periodically repeating set of PSFCH slots.
· FFS: periodicities of the set.
Agreement at RAN#97-e meeting
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 this contribution, we discuss issues on co-channel coexistence for LTE sidelink and NR sidelink and provides our views.
[bookmark: OLE_LINK71][bookmark: OLE_LINK72]Discussion on co-channel coexistence for LTE sidelink and NR sidelink
[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 RAN1#110 meeting, Alt 1 and Alt 2 were suggested as solutions for PSFCH transmission in co-channel. In our view, each method has pros and cons respectively.
Issue 1-1: Discussions on Alt1
FFS point for Alt 1 is to determine which device should perform avoiding PSFCH transmissions: the UE transmitting PSFCH and/or the UE transmitting PSSCH. In our view, both devices should perform avoiding PSFCH transmission. For the UE transmitting PSSCH, since we assume type A devices, the UE can decode LTE SCI, which contains resource reservation information of LTE SL UE. The UE transmitting NR PSSCH can perform resource allocation process based on resource reservation information of LTE SL UE, i.e., it may exclude single-slot resources from candidate resource set when the subframe corresponding to the associated PSFCH occasion slot is reserved by LTE SL UE. Also, the UE transmitting PSSCH can use the re-evaluation process of NR SL resource allocation Mode 2, if the subframe corresponding to the associated PSFCH occasion slot is reserved by LTE SL UE [3].
· Proposal 1: The UE transmitting PSSCH should perform avoiding PSFCH transmissions by using the resource exclusion process or the re-evaluation process of NR SL Mode 2.
The UE transmitting PSFCH should also perform avoiding PSFCH transmissions. Considering the sample V2X topology described below (Figure 1), the UE transmitting PSSCH(A) cannot consider resource reservation information of LTE SL UE(C). In this case, the UE transmitting PSFCH(B) should perform avoiding PSFCH transmissions considering resource reservation information of LTE SL UE(C). Hence, the UE transmitting PSFCH should perform avoiding PSFCH transmissions.
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자동 생성된 설명]
Figure 1. UE topology in V2X scenario
· Proposal 2: The UE transmitting PSFCH should also perform avoiding PSFCH transmissions.
· The UE transmitting PSSCH may not receive the LTE transmission due to UE topology.
According to Alt 1, if an LTE transmission is detected by an NR SL UE, the device does not transmit NR PSFCH. Also, a device transmitting NR PSSCH can resolve the problem with resource scheduling if the device’s LTE module decodes LTE SCI. Hence, AGC issues will hardly occur if an NR SL UE detects LTE SL transmissions. However, there are some issues for Alt 1 with current NR SL specifications; especially, there are some reliability issues. If the device transmitting NR PSSCH 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. Also if the device transmitting NR PSSCH requires the ACK/NACK feedback, avoiding the PSFCH transmission of ACK feedback would increase channel load, since several retransmissions of the NR PSSCH may be performed.
· Observation 1: 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 methods for avoiding PSFCH transmission. There are two intuitive methods for avoiding PSFCH transmissions; to drop or to postpone. From the UE’s perspective, postponing the PSFCH transmission would perform better than dropping the PSFCH transmission. Dropping the HARQ feedback can cause issues described above. For example, UE transmitting PSSCH can regard as ‘ACK’ if PSFCH transmission of NACK feedback is avoided in case of groupcast transmission with NACK-only feedback. Also, a channel load would be increased as a UE transmitting PSSCH performs retransmissions for a non-feedbacked PSSCH transmission in case of unicast/groupcast with ACK/NACK feedback. 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 perform retransmission if the device receives postponed ACK feedback. Hence, 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 with postponed PSFCH transmission and the other PSFCH transmission.
· Proposal 3: RAN1 to study methods for avoiding PSFCH transmission in time slots that overlap with subframes used for LTE SL transmissions.
· Proposal 4: Postponing PSFCH transmission is preferable to dropping the transmission for the method for avoiding PSFCH transmission in case of co-channel coexistence.
· It should be further investigated how to indicate postponed PSFCH transmission or how to multiplex with postponed PSFCH transmission and the other PSFCH transmission.
However, there are some issues for postponing PSFCH transmissions. If PSFCH transmissions are postponed, there should be time limit for transmission of postponed PSFCH transmission. Time limit is essential for a UE transmitting PSSCH, because it has to determine whether to perform retransmissions. Also, if the time-frequency resource (i.e., PRB) 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 transmission of postponed PSFCH transmission and handling mechanism of simultaneous PSFCH transmissions to a single UE.
· Proposal 5: RAN1 to study methods for postponing PSFCH transmission for co-channel coexistence of LTE sidelink and NR sidelink.
· Time limit for transmission of postponed PSFCH transmission.
· 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 [4]. 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 [4]
…(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, 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 2. 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, hence the RSSI measurement of the subframe 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 subframe 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 uses the subframe used by NR SL UEs, that Alt 2 needs a similar solution to Alt 1 in some cases. Hence, we propose RAN1 to study Alt 1.
· Observation 2: In LTE SL Mode 4, the resource exclusion process based on RSRP measurements and LTE SCI reception 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 needs similar solutions as Alt 2.
· Proposal 6: RAN1 to study Alt 1, i.e., avoid PSFCH transmission in time slots that overlap with subframes used for LTE SL transmissions.
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: The UE transmitting PSSCH should perform avoiding PSFCH transmissions by using the resource exclusion process or the re-evaluation process of NR SL Mode 2.
· Proposal 2: The UE transmitting PSFCH should also perform avoiding PSFCH transmissions.
· The UE transmitting PSSCH may not receive the LTE transmission due to UE topology.
· Observation 1: 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 3: RAN1 to study methods for avoiding PSFCH transmission in time slots that overlap with subframes used for LTE SL transmissions.
· Proposal 4: Postponing PSFCH transmission is preferable to dropping the transmission for the method for avoiding PSFCH transmission in case of co-channel coexistence.
· It should be further investigated how to indicate postponed PSFCH transmission or how to multiplex with postponed PSFCH transmission and the other PSFCH transmission.
· Proposal 5: RAN1 to study methods for postponing PSFCH transmission for co-channel coexistence of LTE sidelink and NR sidelink.
· Time limit for transmission of postponed PSFCH transmission.
· 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, the resource exclusion process based on RSRP measurements and LTE SCI reception 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 needs similar solutions as Alt 2.
· Proposal 6: RAN1 to study Alt 1, i.e., avoid PSFCH transmission in time slots that overlap with subframes used for LTE SL transmissions.
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