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1	Introduction
In 3GPP RAN1#109e-meeting, the following agreements were achieved.
	Agreement
For co-channel coexistence in Rel-18, no changes in the LTE SL specifications are allowed.
Agreement
For co-channel coexistence in Rel-18, Rel-16/17 simulation assumptions are reused for evaluation of solutions, except for the UE dropping model.
· FFS: UE dropping model

Agreement
For the study of co-channel coexistence solutions in Rel-18, the combination of operational modes Mode 2 NR SL with Mode 4 LTE SL (Combination A) is considered with high priority.
· FFS: Whether/how to support Mode 1 NR SL + Mode 4 LTE SL (Combination B) and/or Mode 2 NR SL + Mode 3 LTE SL (Combination C).

Agreement
For evaluation of co-channel coexistence solutions in Rel-18, support the inclusion of dual module devices with NR+LTE modules using the following UE dropping models: 
· UE Dropping Model A: The distance between 1 LTE SL module and 1 NR SL module are maintained as zero to model a co-located dual module device. The inter-device distance between any two adjacent devices in the same lane, which may be either a single module or a dual module device, is modified by doubling the time in the upper limit, resulting in max{2 meter, an exponential random variable with the average of the speed * 4sec}.
· UE Dropping Model B: The distance between 1 LTE SL module and 1 NR SL module are maintained as zero to model a co-located dual module device. The inter-device distance between any two adjacent devices in the same lane, which may be either a single module or a dual module device, is maintained the same as current assumptions, i.e., max{2 meter, an exponential random variable with the average of the speed * 2sec}.
Companies should mention the UE dropping model and the distribution of each device type (single/dual module) used in their simulation assumptions.
Agreement
Feasibility of semi-static resource pool partitioning and dynamic resource sharing as possible solutions for co-channel coexistence are to be studied.
Agreement
For studying the feasibility of dynamic resource sharing as a possible solution for co-channel coexistence, 
· For device type A, the NR SL module uses the sensing and resource reservation information shared by the LTE SL module.
· FFS details on how the NR SL module uses this information.
· FFS details on how the LTE SL module shares the information to the NR SL module, exact information shared, timeline etc.
· FFS: Whether/how to define other method(s) for device type A to be aware of resources being occupied by LTE SL.
· FFS: Whether/how device type B should be supported.


In this paper, we present our views on the issues of LTE-NR co-channel coexistence.
[bookmark: _Ref178064866]2	Modes of Operation in LTE and NR
An LTE SL V2X UE works in Mode 3 or Mode 4, and an NR SL UE works in Mode 1 or Mode 2. For NR SL UE in Mode 1, gNB assigns radio resources, while in Mode 2, the NR SL UE selects the resource autonomously among the (pre-)configured resources. Similarly, for LTE SL UE in Mode 3, eNB assigns radio resources, while in Mode 4, the LTE SL UE selects the resources autonomously among the (pre-)configured resources. Thus, in the coexistence of LTE and NR SL UEs there might be different combinations of NR and LTE SL UEs’ operation modes. The following is the list of all the combinations:
· Combination A: Mode 2 NR SL + Mode 4 LTE SL 
· Combination B: Mode 1 NR SL + Mode 4 LTE SL
· Combination C: Mode 2 NR SL + Mode 3 LTE SL
· Combination D: Mode 1 NR SL + Mode 3 LTE SL
Any of the combinations A-D is relevant for the cases where there is a NW deployment at least for one of the RATs, possible for both. However, only combination A is relevant for the case that there is no NW deployment. In our view, the most important thing is that solutions that leverage on NW deployment are specified in addition to other solutions. Whether to explicitly consider Mode 1 (NR) and Mode 3 (LTE) is less important.
[bookmark: _Toc111212474]RAN1 specifies solutions that leverage on NW deployment in addition to other solutions. FFS whether Mode 1 (NR) and/or Mode 3 (LTE) are addressed by such solutions.
Note also that for the cases that there is a NW deployment, it is reasonable to assume that it is possible to update the (pre-)configuration of SL UEs in a timely and efficient manner.
[bookmark: _Toc111212459]At least, for combinations B-D and possibly for combination A, it is possible to update the (pre-)configuration of SL UEs in a timely and efficient manner.
In sections 2.1-2.4, we discuss each of the combinations.
2.1	Mode 1 NR SL + Mode 4 LTE SL (Combination A)
In this combination, transmissions by LTE SL UE and NR SL UE are not scheduled by network nodes. Instead, each UE select the radio resources autonomously for transmission to another UE. This is a relevant case/combination, e.g., when NR SL and LTE SL UEs are operating in the ITS band.
[bookmark: _Toc111212460]Combination A, where LTE SL UE and NR SL UE are selecting radio resources autonomously, is a relevant case, e.g., for operation in ITS band.
2.2	Mode 1 NR SL + Mode 4 LTE SL (Combination B)
In this combination, the NR SL UE is under a gNB coverage and the gNB controls the resources used by the NR SL UE for transmission to another UE. We distinguish three situations:
1. The gNB has not information about the presence of LTE UEs.
2. The gNB has information about the presence of LTE UEs but not about reservations by LTE UEs.
3. The gNB has dynamic information about reservations by LTE UEs.
In our view, for case 1 there is no possible optimization. For case 2, the gNB can apply a solution like the one based on restricted resource allocation discussed in Sections 4.3 and 4.4 in the context of semi-static and dynamic co-channel coexistence. Case 3 requires very dynamic and costly reports from NR UE.
[bookmark: _Toc111212461]Information about the presence of LTE UEs allows for addressing Combination B by means of scheduling restrictions applied by the gNB.
[bookmark: _Toc111212462]Information about reservations by LTE UEs requires dynamic and costly reports from the NR UE.
2.3	Mode 2 NR SL + Mode 3 LTE SL (Combination C)
In this combination, the LTE SL UE is under an eNB coverage and the eNB controls the resources used by the LTE SL UE for transmission to another UE. Here, the NR SL UE selects the resources autonomously for SL transmission. Similar to Combination B, we can distinguish 3 cases:
1. The eNB has not information about the presence of NR UEs.
2. The eNB has information about the presence of NR UEs but not about reservations by NR UEs.
3. The eNB has dynamic information about reservations by NR UEs.
Given that changes to LTE UEs are precluded by the agreements from last meeting, cases 2 and 3 cannot be addressed in Rel-18. However, if the eNB would know in some way (e.g., by implementation) that there are NR UEs in the scenario, it could still apply a solution like the one based on restricted resource allocation discussed in Sections 4.3 and 4.4 in the context of semi-static and dynamic co-channel coexistence.
[bookmark: _Toc110957117][bookmark: _Toc111212463]Optimizations for Combination C are not feasible given the agreement precluding changes to LTE specifications.
2.4	Mode 1 NR SL + Mode 3 LTE SL (Combination D)
In this combination, the LTE SL UE/NR SL UE is under an eNB/gNB coverage and eNB/gNB controls the resources used by the LTE SL UE/NR SL UE for transmission to another UE. At least the discussion for combination B is applicable here. In addition, if the eNB and gNB can communicate and share the information about reserved resource for LTE SL and NR SL, then LTE-NR co-channel coexistence is not a big issue and network nodes control the collision or interference between different RATs.
[bookmark: _Toc111212464]Specific optimizations for Combination D are not needed.
3	Device Types in LTE-NR Co-channel Coexistence
In the previous RAN1 e-meeting, the following different types of devices have been discussed to be considered in the study of LTE-NR co-channel coexistence:
· Type A devices are Rel-18 devices that contain both LTE SL and NR SL modules
· Type B devices are Rel-18 devices that contain only NR SL modules
· Type C devices are Rel-14/Rel-15 devices that contain only LTE SL modules 
· Type D devices are Rel-16/17 devices that contain only NR SL modules
· Type E devices are Rel-16 devices that contain both LTE SL and NR SL modules based on in-device coexistence framework
In our view, device Type B should be studied as a baseline in the study of LTE-NR co-channel coexistence. The purpose is to ensure that NR UEs can detect LTE transmissions by simple means, not relying on having an LTE SL module. It should be clear that requiring NR Rel-18 devices to implement LTE SL receiving features is not reasonable. We discuss a few alternatives in Section 4.5. In addition, Type A devices should be in scope too. It is interesting that RAN1 considers specific optimizations for them. 
Types D and E UEs should be considered as the passive subjects for coexistence. Coexistence with Type D UEs is mandated by the WID:
	Rel-18 sidelink should be able to coexist with Rel-16/17 sidelink in the same resource pool. This does not preclude the possibility of operating Rel-18 sidelink in a dedicated resource pool.


[bookmark: _Toc110957133][bookmark: _Toc110957134][bookmark: _Toc111212475]In the study of LTE-NR coexistence, device Type B are considered as the baseline and then optimizations can be considered for device Type A.
[bookmark: _Toc111212465]Coexistence solutions for both Type C and Type E are required. A common design is preferable.
[bookmark: _Toc111212466]Coexistence with type D UEs is not the focus of this work, but it must be guaranteed too.
4	Solutions for co-channel coexistence between LTE and NR sidelink
In this section, we discuss solutions for co-channel coexistence between LTE and NR sidelinks. First, we discuss a few baseline assumptions to ensure that the solution is useful in practice and to limit the scope of the discussions. The we discuss static coexistence solutions, including the Rel16 framework. Finally, we present our view on dynamic co-channel coexistence of LTE and NR SLs.
4.1	Baseline assumptions
At the start of Rel-18, we find the following types of legacy UEs:
· LTE SL UEs (Rel-14, Rel-15).
· NR SL UEs (Rel-16, Rel-17).
In our view, the following limitations are applicable regarding the solutions for co-channel coexistence studied in Rel-18.
· For LTE SL UEs:
· As agreed, changes to the specification (signalling, procedures, etc.) are not possible.
· Changes to the configuration (e.g., pool configuration) are possible but should be minimized.
· For NR SL UEs:
· New procedures can be introduced, but these are only applicable to Rel-18 UEs.
· It is clear from the WID that the co-channel coexistence framework specified in Rel-18 should not create any backward compatibility issue between Rel-16/Rel-17 NR SL UEs and Rel-18 NR SL UEs.
· The impact of having co-channel deployments of different RATs (e.g., interference from NR SL to LTE SL and vice versa) should be as limited as possible.
[bookmark: _Toc111212476]RAN1 discusses solutions for co-channel coexistence that meet the following principles:
· [bookmark: _Toc111212477]Changes to the configuration (e.g., pool configuration) are possible but should be minimized.
· [bookmark: _Toc111212478]The impact of having co-channel deployments to the different RATs should be as limited as possible.
4.1.1	Configuration
An LTE SL carrier for V2X, would typically use the configuration in Table 1. 
[bookmark: _Ref111102750]Table 1. Some typical parameters for V2X using LTE SL.
	Parameter
	Value
	Notes

	Bandwidth
	10 MHz (50 RBs)
	Based on regulations
20 MHz cannot be excluded, but it is less likely

	SCS
	15 kHz
	Only supported value

	Sub-channels
	4 sub-channels (12 RBs each)
· PSSCH: 10 RBs 
· PSCCH: 2 RBs
	MCS for 190-bytes packets:
· QPSK + R=0.79
· 16QAM + R=0.53
MCS for 300-byte packets:
· QPSK + R>1 – Requires 2 sub-channels
· 16QAM + R=0.63


NR SL has significantly many more configurable options than LTE SL. However, if the spectrum is shared with LTE SL, for some parameters the possible values will be restricted. For example:
· SCS. NR SL should use the same SCS as LTE SL. Otherwise, NR SL would start/end in the middle of an LTE SL subframe, creating large RX power variations and issues at the AGC of the LTE RX UEs.
· PSFCH periodicity. In PSFCH slots, NR SL transmissions start/end in the middle of an LTE SL subframe, creating large RX power variations and issues at the AGC of the LTE RX UEs. Such impairments should be avoided or, at least, minimized. In practice this means that  or  should be configured.
The preceding discussion is relevant for TDM as well as FDM, especially if the frequency gap between NR and LTE is small.
[bookmark: _Toc111123558][bookmark: _Toc111212467]For LTE SL and NR SL co-channel coexistence, SCS is limited to 15 kHz. 
[bookmark: _Toc111123559][bookmark: _Toc111212468]For LTE SL and NR SL co-channel coexistence, PSFCH periodicity should be 2 or 4.
4.2	Static co-channel coexistence between LTE and NR
4.2.1	Rel-16 coexistence framework
LTE and NR sidelinks are configured separately. Although it is possible to configure their corresponding resource pools so that they share time-frequency resources, this is not desirable with the current features. The reason is that the coexistence mechanisms specified in Rel-16 rely in having the LTE and NR resource pools configured to use separate time-frequency resources. For example, NR and LTE sidelinks may be multiplexed in frequency (e.g., to use different channels; or to use different frequencies in the same channel), as shown in Figure 1. It is also possible that NR and LTE sidelinks are multiplexed in time (e.g., to use the same channels at different times, in different slots, subframes, etc.), as shown in Figure 2.
[image: ]
[bookmark: _Ref111203968]Figure 1. Coexistence of NR V2X and LTE V2X by FDM
[image: ]
[bookmark: _Ref111203954]Figure 2. Coexistence of NR V2X and LTE V2X by TDM
This configuration of LTE and NR resource pool on separate resources is essentially static. That is, it cannot be changed, or it can only be changed infrequently. Having a static split of the resources is usually not efficient as the needs for resources for one or the other technologies vary over time and space.
[bookmark: _Toc111212469]Static split of resources for LTE and NR is not efficient in resource utilization.

4.2.2	Detect-and-vacate solutions
It is clear from the principles above that Rel-18 NR SL UEs will carry the bulk of the co-channel coexistence mechanism. In essence this amounts to changing how the resources are used, depending on the presence of LTE SL UEs.
A common way to do this is to use “detect-and-vacate”. In “detect-and-vacate”, a first technology (here LTE SL) is given high priority (for using the spectrum) and a second technology (here NR SL) is given lower priority (for using the shared spectrum). The users of the second technology are required to attempt detecting the presence of users of the first technology.
· If users of the first technology are detected (e.g., by detecting their transmissions), then users of the second technology cannot use the spectrum or can only do it under restricted terms (e.g., using low power).
· If users of the first technology are not detected (e.g., by detecting their transmissions), then users of the second technology can use the spectrum without any additional restriction.
Typically, “detect-and-vacate” is operated at channel level. This approach is too coarse, not allowing to treat differently cases where there are many LTE SL UEs or just a few LTE SL UEs. For the case of SL technologies, it could be operated at resource pool level as well. Unfortunately, these approaches require a static partitioning of the resources, which is quite inefficient. For example, it is typically hard to know how many resources to allocate for the NR or LTE SL UEs/transmissions since their number and requirements might change over time causing that the resource pool ends up having a configuration which under or overprovisions the needed resources. 

[bookmark: _Toc111212470]“Detect-and-vacate” solution in channel or resource pool level is not efficient in terms of resource utilization.
4.3	Semi-static co-channel coexistence between LTE and NR sidelink
Our solution for semi-static co-channel coexistence between LTE and NR sidelinks is based on:
· Defining different classes of resources within an NR SL resource pool.
· Dynamically using resources in the different classes in an NR SL resource pool, based on the presence/absence of LTE SL transmissions.
That is, to improve resource utilization we define multiple classes of resources within an NR SL resource pool. 
The use of the resources in each class depends on the detected presence of LTE SL. As an example, illustrated in Figure 3, a resource pool is divided in time-domain into two classes of A and B. Then, Class A resources can always be used by NR UEs, while Class B resources are only used by a NR UE if LTE SL UEs are not present (i.e., if they are not detected). Typically, the LTE SL would be configured so that the radio resources corresponding to Class B resources in the NR SL resource pool are the ones configured in the LTE SL resource pool, as illustrated in Figure 3 as well. In this way, a semi-static co-channel coexistence between NR and LTE sidelinks is enabled.
Note that from a SL signaling point of view, there are no changes w.r.t. to Rel-16/17 mechanism. It is possible to use a class A resource to reserve a class B resource and vice versa. This contrasts with having two separate pools of resources and performing detect-and-vacate on one of them. A legacy (Rel-16/17) NR SL UE would be configured with a resource pool that does not distinguish between class A and class B but would still be able to decode any transmissions.
[image: ]
[bookmark: _Ref111203916]Figure 3. Top: LTE resource pool. Bottom: NR resource pool with Class A and Class B resource mapping
[bookmark: _Toc111212479]For semi-static co-channel coexistence with LTE SL, NR SL supports:
· [bookmark: _Toc111212480]Configuring two different classes of resources within a resource pool
· [bookmark: _Toc111212481]Selecting resources from both classes if LTE SL transmissions are not detected
· [bookmark: _Toc111212482]Restricting selection of resources to a fixed class if LTE SL transmissions are detected
4.4	Dynamic co-channel coexistence between LTE and NR sidelink
In the previous section, we have described a framework for coexistence that relies on properly (pre-)configuration LTE devices. This is certainly feasible in licensed carriers and likely also for the ITS carrier, but the corresponding discussion is not in RAN1 scope. In this section we discuss a different approach to coexistence that does not rely on specific (pre-)configurations. That is, two overlapping pools are configured:
· From an LTE perspective, all resources (in time/frequency) are configured for LTE transmissions.
· From an NR perspective, all resources (in time/frequency) are configured for NR transmissions.
For Mode-4 RA, the behavior of LTE UEs is the one specified in Rel-14/15. For typical LTE transmissions (i.e., periodic at intervals of 100 ms or more), the essence of the sensing procedure consists of:
· Resource exclusion based on SCI detection. Detecting SCI (from LTE transmissions), performing associated PSSCH-RSRP measurements and excluding reserved resources (cf. Step 6 in Table 2).
· Resource exclusion based on RSSI averages. Ranking the remaining resources in terms of the averaged S-RSSI measurements in subframes  for  (cf. Step 8 in Table 2) and keeping only the 20% of resources with lowest averaged S-RSSI values (i.e., discarding the resources with highest S-RSSI averages, cf. Step 9 in Table 2).
The original intention of these two operations was to protect against collisions with other LTE transmissions. Clearly, resource exclusion based on SCI detection cannot protect against NR transmissions for they use a completely different SCI format. However, resource exclusion based on RSSI averages could in principle protect against periodic NR transmissions. Although the traffic pattern for advanced ITS services is not necessarily periodic, this feature may be useful for preventing the use of LTE subframes that overlap with NR slots that contain PSFCH resources. 
To assess the suitability of resource exclusion based on RSSI averages for preventing the use of LTE subframes that overlap with NR slots that contain PSFCH resources, it is necessary to note that:
· NR PSFCH resources can be configured every 1, 2, or 4 slots (, provided by sl-PSFCH-Period).
· As argued earlier, we focus on  or , leaving aside the case that . For  all slots would contain PSFCH and hence nothing specific about them can be done.
· LTE Resource exclusion based on RSSI averages excludes specific frequency resources based on S-RSSI measured in earlier subframes. That is, it does not exclude all resources in a subframe but a subset of them. 
Regarding time allocation:
· There is a mismatch between the NR PSFCH periodicity (every 2 or 4 slots) and the S-RSSI averaging (every  subframes, which is equal to 100 for FDD). However, given that  is typically a multiple of  an average S-RSSI measurement will include S-RSSI measurements from multiple slots with PSFCH resources, see Figure 4.
· An LTE S-RSSI measurement is a linear average of received power over OFDM symbols 0-12 (symbol 13 is a GP).
· In NR slots configured with PSFCH symbols we have that
· Symbols 0-9 carry PSCCH/PSSCH
· Symbols 11 and 12 carry PSFCH.
· Symbols 10 and 13 are GPs.
[image: ]
[bookmark: _Ref110946466][bookmark: _Ref110932385]Figure 4. Computation of averaged S-RSSI values for two different subframes (in the future) y1 and y2 which are overlapping with NR slots configured with PSFCH resources (in yellow). For subframe y1 (semi-transparent red), S-RSSI measurements from K past subframes are averaged (solid red). For subframe y2 (semi-transparent blue), S-RSSI from another K past subframes are averaged (solid blue). Note that all average S-RSSI values correspond to subframes overlapping with NR slots configured with PSFCH resources, even if different slots are considered for different averaged measurements.
Regarding frequency allocation:
· From a UE perspective, NR PSFCH transmissions occupy a single PRB.
· From a system perspective, a set of PRBs are configured for NR PSFCH transmission. The choice of PRBs within the system bandwidth can be configured with full flexibility by sl-PSFCH-RB-Set (see Table 3).
Putting together this information, we observed that LTE resource exclusion based on RSSI averages may be useful for excluding subframes overlapping with NR slots with PSFCH resources. 
[bookmark: _Toc111212471]LTE Resource exclusion based on RSSI averages may successfully exclude resources in subframes overlapping with NR slots configured with PSFCH.
So far, we have concluded that we can expect that LTE transmissions mostly to take place on the other subframes, i.e., those that do not overlap with NR slots with PSFCH resources. However, a corresponding behavior from NR UEs is necessary. That is, NR UEs should concentrate their SL transmissions on slots with PSFCH resources. 
[bookmark: _Toc111212472]For correct coexistence between NR and LTE sidelinks, NR UEs should prioritize transmitting PSCCH+PSSCH using slots with PSFCH resources.
In this way, LTE and NR sidelinks will be TDMed in a dynamic manner. In conclusion, we propose that Rel-18 NR UEs prioritize the use of slots with PSFCH resources whenever LTE transmissions are detected.
[bookmark: _Toc111212483]For dynamic coexistence of NR and LTE SLs, Rel-18 NR UEs prioritize selecting and transmitting on resources with PSFCH resources whenever LTE transmissions are detected. FFS details, including how to prioritize and how to detect LTE transmissions.
 Table 2. UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink transmission mode 4 and in sensing measurement in sidelink transmission mode 3 (part of TS 36.213 Clause 14.1.1.6).
	If partial sensing is not configured by higher layers then the following steps are used:
· 1)	A candidate single-subframe resource for PSSCH transmission  is defined as a set of  contiguous sub-channels with sub-channel x+j in subframe  where . The UE shall assume that any set of  contiguous sub-channels included in the corresponding PSSCH resource pool (described in 14.1.5) within the time interval  corresponds to one candidate single-subframe resource, where selections of  and  are up to UE implementations under  and , if  is provided by higher layers for , otherwise . UE selection of  shall fulfil the latency requirement. The total number of the candidate single-subframe resources is denoted by.
· 2)	The UE shall monitor subframes ,, …,  except for those in which its transmissions occur, where  if subframe n belongs to the set , otherwise subframe is the first subframe after subframe n belonging to the set . The UE shall perform the behaviour in the following steps based on PSCCH decoded and S-RSSI measured in these subframes.
· 3)	The parameter  is set to the value indicated by the i-th SL-ThresPSSCH-RSRP field in SL-ThresPSSCH-RSRP-List where .
· 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 Subclause 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 ,
· 10)	When the UE is configured by upper layers to transmit using resource pools on multiple carriers, it shall exclude a candidate single-subframe resource  from  if the UE does not support transmission in the candidate single-subframe resource in the carrier under the assumption that transmissions take place in other carrier(s) using the already selected resources due to its limitation in the number of simultaneous transmission carriers, its limitation in the supported carrier combinations, or interruption for RF retuning time [10].
The UE shall report set  to higher layers.


[bookmark: _Ref110938779]Table 3. Configuration of the PRBs used for PSFCH transmission (TS 38.331)
	SL-PSFCH-Config field descriptions

	sl-PSFCH-RB-Set
Indicates the set of PRBs that are actually used for PSFCH transmission and reception. The leftmost bit of the bitmap refers to the lowest RB index in the resource pool, and so on. Value 0 in the bitmap indicates that the corresponding PRB is not used for PSFCH transmission and reception while value 1 indicates that the corresponding PRB is used for PSFCH transmission and reception (see TS 38.213 [13]).


4.5	Detection of LTE SL transmissions
Detection of LTE SL transmissions is essential for dynamic LTE SL transmissions. We envision three ways to perform this:
· Direct detection. That is, the device can detect LTE SL signals. As said earlier, this is applicable to devices implementing both NR SL and LTE SL and should not be considered as a baseline.
· Indirect detection. That is, the device detects LTE SL transmissions without decoding the corresponding signals. For example, energy measurements such as RSSI may be used.
· Explicit signalling. In this case, the device is informed by others about the presence of LTE SL transmissions. Such signalling could come from another UE, the NW (e.g., a gNB), or OTT.

[bookmark: _Toc111212473]Detection of LTE SL transmissions can be direct, indirect or by means of explicit signalling.
We believe that RAN1 should study the different alternatives
[bookmark: _Toc111212484]RAN1 to study: 
· [bookmark: _Toc111212485]Indirect detection and explicit signalling for detecting LTE SL transmissions without implementing LTE SL features.
· [bookmark: _Toc111212486]The use of direct detection, as an optimization, for devices implementing NR SL and LTE SL.
[bookmark: _Toc101962644][bookmark: _Toc101962670][bookmark: _Toc101962696][bookmark: _Toc101962769][bookmark: _Toc101962781][bookmark: _Toc101962829]5	Conclusion
In the previous sections we made the following observations: 
Observation 1	At least, for combinations B-D and possibly for combination A, it is possible to update the (pre-)configuration of SL UEs in a timely and efficient manner.
Observation 2	Combination A, where LTE SL UE and NR SL UE are selecting radio resources autonomously, is a relevant case, e.g., for operation in ITS band.
Observation 3	Information about the presence of LTE UEs allows for addressing Combination B by means of scheduling restrictions applied by the gNB.
Observation 4	Information about reservations by LTE UEs requires dynamic and costly reports from the NR UE.
Observation 5	Optimizations for Combination C are not feasible given the agreement precluding changes to LTE specifications.
Observation 6	Specific optimizations for Combination D are not needed.
Observation 7	Coexistence solutions for both Type C and Type E are required. A common design is preferable.
Observation 8	Coexistence with type D UEs is not the focus of this work, but it must be guaranteed too.
Observation 9	For LTE SL and NR SL co-channel coexistence, SCS is limited to 15 kHz.
Observation 10	For LTE SL and NR SL co-channel coexistence, PSFCH periodicity should be 2 or 4.
Observation 11	Static split of resources for LTE and NR is not efficient in resource utilization.
Observation 12	“Detect-and-vacate” solution in channel or resource pool level is not efficient in terms of resource utilization.
Observation 13	LTE Resource exclusion based on RSSI averages may successfully exclude resources in subframes overlapping with NR slots configured with PSFCH.
Observation 14	For correct coexistence between NR and LTE sidelinks, NR UEs should prioritize transmitting PSCCH+PSSCH using slots with PSFCH resources.
Observation 15	Detection of LTE SL transmissions can be direct, indirect or by means of explicit signalling.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 specifies solutions that leverage on NW deployment in addition to other solutions. FFS whether Mode 1 (NR) and/or Mode 3 (LTE) are addressed by such solutions.
Proposal 2	In the study of LTE-NR coexistence, device Type B are considered as the baseline and then optimizations can be considered for device Type A.
Proposal 3	RAN1 discusses solutions for co-channel coexistence that meet the following principles:
	Changes to the configuration (e.g., pool configuration) are possible but should be minimized.
	The impact of having co-channel deployments to the different RATs should be as limited as possible.
Proposal 4	For semi-static co-channel coexistence with LTE SL, NR SL supports:
	Configuring two different classes of resources within a resource pool
	Selecting resources from both classes if LTE SL transmissions are not detected
	Restricting selection of resources to a fixed class if LTE SL transmissions are detected
Proposal 5	For dynamic coexistence of NR and LTE SLs, Rel-18 NR UEs prioritize selecting and transmitting on resources with PSFCH resources whenever LTE transmissions are detected. FFS details, including how to prioritize and how to detect LTE transmissions.
Proposal 6	RAN1 to study:
	Indirect detection and explicit signalling for detecting LTE SL transmissions without implementing LTE SL features.
	The use of direct detection, as an optimization, for devices implementing NR SL and LTE SL.
[bookmark: _In-sequence_SDU_delivery]References
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