3GPP TSG RAN WG1 #114	                                                    R1- 2307088
Toulouse, France, August 21st – August 25th, 2023

Source:	CATT, GOHIGH
Title:	Remaining issues on co-channel coexistence for LTE sidelink and NR sidelink
Agenda Item:	9.4.2
Document for:	Discussion and Decision
1 Introduction
At RAN1#113 meeting[1], several agreements were achieved related to co-channel coexistence for LTE sidelink and NR sidelink as follows.
	[bookmark: OLE_LINK6] Agreement
The NR SL module uses the information from the starting LTE SL subframe to the ending LTE SL subframe in the shared information from the LTE SL module.
· The starting LTE SL subframe is no later than the time (n-T_start)
· n is the time where NR SL module triggers its NR SL resource (re)selection procedure as defined in clause 8.1.4 of TS 38.214
· Option 1-2: T_start is 1100ms
· The ending LTE SL subframe is n-T_valid2. Up to UE implementation to additionally use results from subframe(s) later than n-T_valid2.
· T_valid2 = T + 4 ms

Agreement
In NR SL resource (re)selection procedure, the PHY layer of NR SL module excludes NR SL candidate resources where the corresponding PSFCH transmission occasions overlap with LTE SL reserved resources by other LTE SL UE in time domain:
· For determining the LTE SL periodic reserved resources by other LTE SL UE, 
· Reuse the same mechanism as in NR SL resource (re)selection procedure excluding NR SL candidate resources overlapping with LTE SL reserved resources by other LTE SL UE
· The PHY layer of NR SL module applies the above procedure in Step 5 in Section 8.1.4 of TS 38.214
· The above procedure is applied when the following is met:  
· 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 and the list of the initial SL RSRP thresholds can be separately (pre)configured
· If not (pre)configured, the above SL RSRP threshold list is assumed to be set to the minus infinity dBm.
· Note: the above RSRP threshold will not be boosted up
· 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

Agreement
When different TBs are transmitted on the NR SL slots overlapping with an LTE SL subframe and the NR SL transmission in the first overlapping NR SL slot is dropped or reselected, 
· Option 1: It is up to UE implementation how to avoid transmitting NR PSCCH/PSSCH only in the subsequent NR SL slot overlapping with the LTE SL subframe according to RAN#99’s agreement for NR PSCCH/PSSCH transmissions of 30kHz SCS with dynamic resource pool sharing

Conclusion
RAN1’s understanding is that for NR SL with dynamic resource pool sharing, overlapping in time domain between LTE SLSS/PSBCH and NR SL resource pool and overlapping in time domain between NR S-SSB and LTE SL resource pool could lead to performance degradation.



[bookmark: OLE_LINK22]In this contribution, we continue to discuss remaining open issues for co-channel coexistence for LTE sidelink and NR sidelink and propose related solutions. Section 2 discusses one remaining issue on the types of devices which should be supported for co-channel coexistence. Section 3 discusses remaining issues on the dynamic resource pool sharing for LTE sidelink and NR sidelink. Section 4 summarizes the proposals and observations with conclusions.
2 [bookmark: _Ref36559568]Types of devices
The following working assumption was achieved in RAN1#110 related to device type A [2]:
	Working assumption
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.



Device type A should be the most important target device type for co-channel coexistence between LTE SL and NR SL in Rel-18. According to the discussion in previous meetings, device type A should contain both LTE SL and NR SL modules. However, the presence of both the LTE SL and NR SL modules alone cannot exactly define the device type A. The relationship and interaction between the LTE SL and NR SL modules should also be defined. Therefore, the definition of device type A should include the capability of the LTE SL module to share the sensing and resource reservation information to the NR SL module within the device, and the capability of the NR SL module to include this sensing and resource reservation information in its resource selection procedure. Then, in addition to device type A should contain 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. 

Proposal 1: Confirm the working assumption in RAN1#110 as follows:
· 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.

3 [bookmark: OLE_LINK3]Dynamic resource pool sharing between LTE sidelink and NR sidelink
[bookmark: OLE_LINK75]In this section, essential clarifications and higher layer signaling on dynamic resource pool sharing between LTE sidelink and NR sidelink are discussed:
· [bookmark: OLE_LINK61][bookmark: OLE_LINK16]Determination of re-evaluation of resource(s) to be reported to higher layer
· Trigger conditions of pre-emption operation due to LTE SL module
3.1 [bookmark: OLE_LINK2]Determination of re-evaluation of resource(s) to be reported to higher layer
According to the current specification, the resource exclusion procedure in physical layer of NR SL module shall report re-evaluation of the resource to higher layer if the resource is not a member of SA. Hence, when NR SL module performs resource exclusion based on the reserved resources of co-existing LTE SL UEs or the resources associated with non-monitored LTE SL subframes, or based the selected resources for its own LTE SL transmissions, the above resource exclusion behaviors shall trigger resource re-selection during re-evaluation. 
[bookmark: _Hlk131428414]In fact, all of the resource exclusions for dynamic resource pool sharing should trigger resource re-selection in re-evaluation checking and this point should be clarified. Even if the existing wording in the specification can be repurposed to include the above proposal, this interpretation still needs to be agreed by the group. Therefore, we have the following proposal:

[bookmark: OLE_LINK1]Proposal 2: In NR SL re-evaluation procedure, the PHY layer of NR SL module shall report re-evaluation of the resource to higher layer if the resource is not a member of SA as the result of NR SL resource exclusion for dynamic resource pool sharing.

3.2 Trigger conditions of pre-emption operation due to LTE SL module
[bookmark: OLE_LINK82]For the determination of pre-emption operation based on the shared information by the LTE SL module in the dynamic resource pool, the following proposal was discussed in RAN1#113 meeting [1]:
	Proposed conclusions 5-2 (I):
· In NR SL pre-emption procedure, the PHY layer of NR SL module shall report pre-emption of the resource to higher layer if the resource satisfies the condition specified in Section 8.1.4 of TS 38.214 with following clarifications:
· The resource is not a member of S_A by taking into account NR SL resource exclusion based on only LTE SL reserved resource by other LTE SL UE for dynamic resource pool sharing.
· prio_TX is priority value of NR SL transmission and prio_RX is priority value of LTE SL reserved resource.



[bookmark: OLE_LINK60]According to current progress, only the pre-emption operation due to NR SL reserved resource by other NR SL UE is applied. However, whether and how the pre-emption executes due to shared information by the LTE SL module is still pending for discussion. Since pre-emption is an essential feature introduced in NR SL, it is preferred to introduce pre-emption operation due to shared information by the LTE SL module into Rel-18 co-existence. There are three cases that can trigger the pre-emption operation due to shared information by LTE SL module, which are proved as follows:
· [bookmark: OLE_LINK8][bookmark: OLE_LINK4]Case 1: NR SL selected resource overlaps in time with LTE SL reserved resource by its LTE SL module
Although NR SL module may exclude the NR SL resource overlapping in time with LTE SL resources reserved by LTE SL module, the LTE SL module may perform resource re-selection without the knowledge of NR SL selected resource. In this situation, it may also lead to resource collision between NR SL module transmission and LTE SL module transmission; therefore the pre-emption operation should be introduced to avoid this type of resource collision.
· Case 2:  NR SL selected resource overlaps with LTE SL reserved resource by other LTE SL UE
This case is similar to the cases of legacy pre-emption based on NR SL reserved resource by other NR SL UE, therefore the pre-emption operation similar as that of legacy pre-emption operation should be introduced to avoid this type of resource collision, and protect LTE SL transmission or NR SL transmission with higher priority.
· [bookmark: OLE_LINK11]Case 3: NR SL PSCCH/PSSCH associated PSFCH slot overlaps with LTE SL reserved resource by other LTE SL UE
This case is a new feature in Rel-18 coexistence operation. In order to avoid AGC issues due to NR SL PSFCH transmissions overlapping with LTE SL transmission, and protect the reliability of high priority LTE SL transmissions, this type of resource collision has been considered in resource selection procedure in dynamic resource pool sharing. However, other LTE SL UE may perform resource re-selection. The resource collision in this case could happen; therefore the pre-emption operation should be introduced to avoid this type of resource collision.
Based on the above analysis, the pre-emption operation should be considered the above three cases.

Proposal 3: The pre-emption operation due to LTE SL module should support the following three cases:
· Case 1: NR SL selected resource overlaps in time with LTE SL reserved resource by its LTE SL module
· Case 2:  NR SL selected resource overlaps with LTE SL reserved resource by other LTE SL UE
· Case 3: NR SL PSCCH/PSSCH associated PSFCH slot overlaps with LTE SL reserved resource by other LTE SL UE

According to previous agreements, the resource allocation procedure steps in dynamic resource pool sharing as following:
	· ...
· Step4): The set SA is initialized to the set of all the candidate resources
· [bookmark: OLE_LINK9]Step5): The exclusion due to candidate resource overlaps with NR SL non-monitored slot
· Step5LTE1): The exclusion due to candidate resource overlaps with LTE SL non-monitored subframe
· [bookmark: OLE_LINK10]Step5LTE2): The exclusion due to candidate resource overlaps in time with LTE SL reserved resource by its LTE SL module
· Step5LTE3): The exclusion due to candidate resource associated PSFCH slot overlaps with LTE SL reserved resource by other LTE SL UE 
· [bookmark: OLE_LINK7][bookmark: OLE_LINK12]Step5a): If the number of candidate resources remaining in the SA is smaller than , the SA  is initialized to the set of all the candidate resources as in step 4
· [bookmark: OLE_LINK5]Step6): The exclusion due to candidate resource overlaps with NR SL reserved resource by other NR SL UE
· Step6LTE): The exclusion due to candidate resource overlaps with NR SL reserved resource by other LTE SL UE
· Step7): If the number of candidate resources remaining in the set  is smaller than , the RSRP threshold is increased and the procedure continues with step 4
· ...



For case 1(NR SL selected resource overlaps in time with LTE SL reserved resource by its LTE SL module), there are three conditions that should be met to trigger the pre-emption operation. The first condition is NR SL selected resource is not a member of SA which is derived by resource allocation procedure steps in dynamic resource pool sharing, which means NR SL selected resource is no longer a proper resource for NR SL transmission. The second condition is that NR SL selected resource overlaps in time with LTE SL reserved resource by its LTE SL module, and the SA  is not initialized to the set of all the candidate resources as in step 4 when performing step 5a) in the resource allocation procedure above, the reason for requiring SA  is not initialized to the set of all the candidate resources as in step 4 is that if  NR SL selected resource is not a member of SA and  the SA  is initialized to the set of all the candidate resources as in step 4, it means NR SL selected resource is excluded due to conditions in step6) or step 6LTE) rather than step5LTE2). The third condition is that the LTE SL module priority satisfies a given condition which is similar to that in legacy pre-emption.
For case 2(NR SL selected resource overlaps with LTE SL reserved resource by other LTE SL UE), similar to the cases of legacy pre-emption based on NR SL reserved resource by other NR SL UE, there are three conditions that should be met to trigger the pre-emption operation. The first condition is NR SL selected resource is not a member of SA. The second condition is that NR SL selected resource overlaps with LTE SL reserved resource by other LTE SL UE, and the RSRP measurement of the other LTE SL UE is higher than sl-NRPSSCH-EUTRA-RSRP threshold associated with other LTE SL UE priority and NR SL module priority which is boosted up to final SL RSRP threshold. The third condition is that the other LTE SL UE priority satisfies a given condition which is similar to that in legacy pre-emption.
For case 3(NR SL PSCCH/PSSCH associated PSFCH slot overlaps with LTE SL reserved resource by other LTE SL UE), there are also three conditions that should be met to trigger the pre-emption operation. The first condition is NR SL selected resource is not a member of SA. The second condition is that NR SL selected resource associated PSFCH slot overlaps with LTE SL reserved resource by other LTE SL UE, and the RSRP measurement of the other LTE SL UE is higher than the sl-NRPSFCH-EUTRA-RSRP associated with other LTE SL UE priority and NR SL module priority, and the SA is not initialized to the set of all the candidate resources as in step 4 when performing step 5a) in the resource allocation procedure above, the reason for requiring SA is not initialized to the set of all the candidate resources as in step 4 is that if  NR SL selected resource is not a member of SA and  the SA  is initialized to the set of all the candidate resources as in step 4, it means NR SL selected resource is excluded due to conditions in step6) or step 6LTE) rather than step5LTE3). The third condition is that the other LTE SL UE priority satisfies aa given condition which is similar to that in legacy pre-emption.
[bookmark: OLE_LINK72][bookmark: OLE_LINK66][bookmark: OLE_LINK70][bookmark: _Hlk142641844]There is a higher layer parameter sl-PreemptionEnable provided by higher layer to enable or disable the pre-emption procedure in R16/17 NR SL, it is preferred to introduce a new higher layer parameter which is used to enable or disable the pre-emption procedure based on shared information by the LTE SL module in dynamic resource pool sharing, i.e., sl-NRPreemption-EUTRA-Enable. 
Proposal 4: A new higher layer parameter should be introduced to enable or disable the pre-emption procedure based on shared information by the LTE SL module in dynamic resource pool sharing, i.e., sl-NRPreemption-EUTRA-Enable.
[bookmark: _GoBack]Proposal 5: If NR SL selected resource meets the conditions below, then the UE shall report pre-emption of the resource to higher layers.
· [bookmark: OLE_LINK13]NR SL selected resource is not a member of SA, and
· NR SL selected resource satisfies one of the following conditions, and:
· NR SL selected resource overlaps in time with LTE SL reserved resource by its LTE SL module, and the SA is not initialized to the set of all the candidate resources as in step 4 when performing step 5a) 
· NR SL selected resource overlaps with LTE SL reserved resource by other LTE SL UE, and the RSRP measurement of the other LTE SL UE is higher than sl-NRPSSCH-EUTRA-RSRP threshold associated with other LTE SL UE priority and NR SL module priority which is boosted up to final SL RSRP threshold
· NR SL selected resource associated PSFCH slot overlaps with LTE SL reserved resource by other LTE SL UE, and the RSRP measurement of the other LTE SL UE is higher than the sl-NRPSFCH-EUTRA-RSRP threshold associated with other LTE SL UE priority and NR SL module priority, and the SA is not initialized to the set of all the candidate resources as in step 4 when performing step 5a)
· The other LTE SL UE priority or the LTE SL module priority prioRX satisfies one of the following conditions:
· sl-NRPreemption-EUTRA-Enable is provided and is equal to 'enabled' and NR SL module transmission priority > prioRX
· sl-NRPreemption-EUTRA-Enable is provided and is not equal to 'enabled', and prioRX < priopre and NR SL module transmission priority > prioRX

4 [bookmark: _Ref36559580]Conclusion
In this contribution, remaining open issues on co-channel coexistence for LTE sidelink and NR sidelink are discussed. Our proposals are given as follows:
Proposal 1: Confirm the working assumption in RAN1#110 as follows:
· 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.
Proposal 2: In NR SL re-evaluation procedure, the PHY layer of NR SL module shall report re-evaluation of the resource to higher layer if the resource is not a member of SA as the result of NR SL resource exclusion for dynamic resource pool sharing.
Proposal 3: The pre-emption operation due to LTE SL module should support the following three cases:
· Case 1: NR SL selected resource overlaps in time with LTE SL reserved resource by its LTE SL module
· Case 2:  NR SL selected resource overlaps with LTE SL reserved resource by other LTE SL UE
· Case 3: NR SL PSCCH/PSSCH associated PSFCH slot overlaps with LTE SL reserved resource by other LTE SL UE
Proposal 4: A new higher layer parameter should be introduced to enable or disable the pre-emption procedure based on shared information by the LTE SL module, i.e., sl-NRPreemption-EUTRA-Enable.
Proposal 5: If NR SL selected resource meets the conditions below, then the UE shall report pre-emption of the resource to higher layers.
· NR SL selected resource is not a member of SA, and
· NR SL selected resource satisfies one of the following conditions, and:
· NR SL selected resource overlaps in time with LTE SL reserved resource by its LTE SL module, and the SA is not initialized to the set of all the candidate resources as in step 4 when performing step 5a) 
· NR SL selected resource overlaps with LTE SL reserved resource by other LTE SL UE, and the RSRP measurement of the other LTE SL UE is higher than sl-NRPSSCH-EUTRA-RSRP threshold associated with other LTE SL UE priority and NR SL module priority which is boosted up to final SL RSRP threshold
· NR SL selected resource associated PSFCH slot overlaps with LTE SL reserved resource by other LTE SL UE, and the RSRP measurement of the other LTE SL UE is higher than the sl-NRPSFCH-EUTRA-RSRP threshold associated with other LTE SL UE priority and NR SL module priority, and the SA is not initialized to the set of all the candidate resources as in step 4 when performing step 5a)
· The other LTE SL UE priority or the LTE SL module priority prioRX satisfies one of the following conditions:
· sl-NRPreemption-EUTRA-Enable is provided and is equal to 'enabled' and NR SL module transmission priority > prioRX
· sl-NRPreemption-EUTRA-Enable is provided and is not equal to 'enabled', and prioRX < priopre and NR SL module transmission priority > prioRX
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