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Introduction
The work item for Release-18 NR sidelink enhancement includes multiple objectives [1]:
1. Specify mechanism to support NR sidelink CA operation based on LTE sidelink CA operation [RAN2, RAN1, RAN4] (This part of the work is put on hold until further checking in RAN#97)
· Support only LTE sidelink CA features for NR (i.e., SL carrier (re-)selection, synchronization of aggregated carriers, handling the limited capability, power control for simultaneous sidelink TX, packet duplication)
· The work is limited to FR1 licensed spectrum and ITS band in FR1.
· No specific enhancements of Rel-17 sidelink features with sidelink CA support.
· This feature is backwards compatible in the following regards
· [bookmark: _Hlk89619097]A Rel-16/Rel-17 UE can receive Rel-18 sidelink broadcast/groupcast transmissions with CA for the carrier on which it receives PSCCH/PSSCH and transmits the corresponding sidelink HARQ feedback (when SL-HARQ is enabled in SCI)
2. Study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· [bookmark: _Hlk89917081]Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation
· No specific enhancements for Rel-17 resource allocation mechanisms
· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.
· [bookmark: _Hlk89917101]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _Hlk89917118]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _Hlk89917140]No specific enhancements for existing NR SL feature
· [bookmark: _Hlk89917215]The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.
3. [bookmark: _Hlk89917254][bookmark: _Ref102120201]Study and specify enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2, RAN4] (This part of the work is put on hold until further checking in RAN#97)
· [bookmark: _Hlk89917271]Update evaluation methodology for commercial deployment scenario
· [bookmark: _Hlk89917283]Work is limited to the support of sidelink beam management (including initial beam-pairing, beam maintenance, and beam failure recovery, etc) by reusing existing sidelink CSI framework and reusing Uu beam management concepts wherever possible.
· [bookmark: _Hlk89917309]Beam management in FR2 licensed spectrum considers sidelink unicast communication only.
4. 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
5. UE Tx and Rx RF requirement for supporting new features introduced in this WI, sidelink frequency bands for single-carrier operation and frequency band combinations for carrier aggregation operation [RAN4]
· The exact frequency bands for both licensed and ITS-dedicated spectrum in FR1 and FR2 are to be determined based on company input during the WI.
· The exact frequency band combinations for both FR1 licensed and ITS-dedicated spectrum are to be determined based on company input during the WI.
· Frequency bands for the unlicensed spectrum in FR1 are [n46 and n96/n102] (i.e., 5GHz and 6GHz) in accordance with corresponding national regulatory requirements.
· Support of new sidelink frequency bands and band combinations should ensure coexistence between sidelink and Uu interface in the same and adjacent channels in licensed spectrum.
6. UE RRM core requirement for the new features introduced in this WI [RAN4]

In this contribution we discuss the objective for co-channel coexistence between NR Sidelink and LTE Sidelink and propose designs to achieve the enhancements.
The rest of the paper is organized as follows. In Section 2, we discuss the challenges that arise from using the current Release 16 (or 17) framework for NR SL and LTE SL cochannel coexistence. We propose effective solutions for cochannel coexistence in Section 3 with the corresponding evaluation results presented in Section 4.
[bookmark: _Ref101862091]LTE SL and NR SL Coexistence in Rel-16
Due to the scarcity of ITS spectrum, it will become necessary for LTE SL and NR SL to operate over the same channel. Rel. 16 provides two alternatives for coexistence and in this section, we consider their suitability for co-channel coexistence:
1. Alternative 1 (Semi Static Coexistence): LTE SL and the NR SL resource pools (RP) may be time division multiplexed (TDM-ed). This approach has the flowing disadvantages.
a. This requires changes to existing LTE V2X systems, and this may not be possible in some regions. Additionally, this may be challenging as all deployed LTE SL UE-s may not be capable of receiving the configuration and adjusting their RPs for cochannel operations at the same time. This inconsistency in the semi-static configuration will further degrade system. 
b. A (pre-)configured TDM RP cannot adapt to changes in the SL network. For example, an initial deployment may have mostly LTE SL UE-s with a few NR SL devices. As newer devices are rolled out (and older ones decommissioned), the ratio of NR-to-LTE devices will increase. A static (pre-)configured TDM-ed RP will not be able to adapt to these changes.

2. Alternative 2 (Rel. 16 in-device coexistence): LTE SL and NR SL may coexist using the Rel. 16 in-device coexistence mechanism. In this case, newer devices have both LTE SL and NR SL capability while legacy systems use only LTE SL. The rationale behind this being that LTE SL may be used by all devices in the network to enable certain basic applications, e.g., basic safety and coordinated driving in the vehicle-to-vehicle case. The newer advanced devices may have the additional NR SL capability for advanced applications requiring low latency, high QoS, etc. Rel. 16 in-device coexistence mechanism avoids conflicts by dropping transmissions and receptions associated with a radio access technology (RAT) with a lower priority. This existing Rel. 16 mechanism has the following disadvantages when applied to co-channel coexistence scenarios:
a. The dropping of transmissions and receptions greatly degrades the performance of the RAT with the lower priority. Further, when both RAT-s have equal priority, the UE drops either of the Tx/Rx based on its implementation; in which case a transmission with the same priority is degraded. 
b. Dropping of transmissions/receptions in case of conflicts is particularly detrimental for feedback-based transmissions. This is due to the combined effect of the dropping of (re)transmissions as well as dropping the transmission and reception of the ACK/NACK feedback leading to erroneous behaviour. For instance, in the case of a unicast or groupcast (option 2) transmission, inability to transmit/receive a HARQ ACK leads to unnecessary additional transmissions, congesting the system. Conversely, in the case of groupcast (option 1), a missing NACK is determined to be an implicit ACK by the transmitter.
These observations are verified using extensive simulations in Section 4.
The above discussion highlights the fact that using the existing Rel. 16 (or Rel. 17) framework will not be sufficient to enable LTE SL and NR SL cochannel coexistence with both RAT-s able to operate with acceptable system performance. For this reason, we think that a dedicated coexistence mechanism should be the focus of the Rel. 18 cochannel coexistence.
[bookmark: _Toc101803402][bookmark: _Toc102120308]Observation 1: A (pre-)configured semi-static resource partition between NR SL and LTE SL will require changes to existing LTE devices, which is infeasible and leads to inconsistencies in the system; and will not adapt to changes in the network.
In general, the simulation assumptions of Rel-16 and Rel-17 sidelink evaluations can be reused. Of note is that the NR V2X devices in a cochannel scenario will also perform LTE V2X communications as well in order to support basic safety applications and associated message exchange with LTE V2X devices as discussed earlier.
[bookmark: _Toc102120315]Proposal 1: In evaluations of co-channel coexistence, assume that there are LTE V2X devices and dual service NR V2X/LTE V2X devices. The latter at least receive BSM messages on LTE SL.
[bookmark: _Ref101770099]NR-LTE SL cochannel coexistence mechanism
Assigning a set of transmission resources for the use of NR SL is necessary to enable cochannel coexistence. This needs to be achieved in a manner such that (a) there are no changes required for existing (legacy) LTE devices, and (b) the resource set can adapt to the current network condition.
Each NR SL UE, based on its own sensing, and based on inputs from collocated LTE SL module over a shared interface, independently estimates the ratio or proportion of NR SL traffic compared to the total traffic in the system. The NR SL UE uses this estimated NR SL traffic proportion rate to determine a set of available resources for NR SL transmissions. The resources not included in this set are determined by the NR SL UE to be for LTE SL transmissions only and UE does not use these resources for its NR SL transmissions. We note here that the decoding of LTE SL control by a NR SL device and the transfer of LTE SL reservation information to a NR SL module from a collocated LTE SL module follows the existing Release 16 mechanism to enable NR SL and LTE SL in-device coexistence.
[bookmark: _Toc101803403][bookmark: _Toc102120309]Observation 2: Each NR SL UE can estimate a NR SL traffic proportion for the SL network based on its own sensing results.
[bookmark: _Toc101803404][bookmark: _Toc102120310]Observation 3: NR SL UEs can determine the set of available resources for NR SL transmissions based on the proportion of NR SL traffic in the system
Release 18 NR SL UE-s will continuously monitor the system and update the estimation of the NR SL traffic ratio based on current sensing results. Each NR SL UE adapts to the changing network conditions by using the estimated NR SL traffic ratio to update the set of resources available for NR SL transmission. More resources become available for NR SL transmission when the UE detects an increase the NR SL traffic ratio and vice versa. An NR SL UE preforming dynamic resource set determination for LTE SL cochannel coexistence will receive on all slots even if they are not part of the NR SL transmission resource set.
[bookmark: _Toc101803405][bookmark: _Toc102120311]Observation 4: UEs updating the set of resources available for NR transmissions enables the system to adapt to changing traffic and/or network conditions.
No change in the behaviour of LTE SL devices is needed to support cochannel coexistence using the adaptive NR SL transmission resource set update. Nearby NR SL devices will have same or similar estimation of the NR SL traffic ratio. Their transmissions will thus be localized in time (and frequency when resources are FDM-ed). This leads to certain slots having a high RSSI when sensed by the LTE SL device. The LTE SL UE will assign a lower rank to these resources (based on the Rel. 14 RSSI-based resource ranking mechanism) preventing the LTE SL transmissions from colliding with the NR SL transmissions.
[bookmark: _Toc102120312]Observation 5: Introducing an NR SL and LTE SL cochannel coexistence mechanism in Release-18 is feasible and can be achieved without any changes to existing LTE specifications, device implementation, and (pre-)configurations. 
An example of the NR SL UE determined set of available resources for NR SL transmissions is shown in Figure 1. Initially, a NR SL UE may estimate the NR SL traffic proportion to be 25% for a given network. The UE determines that resources in the five slots marked in blue/orange in Figure 1 in every 20-slot period are in the available resource set for NR transmissions while none of the resources in the rest of the 15 slots (marked in green) are in the available set. Next, in a later instance, the UE determines that due to a change in the network conditions, the NR SL traffic ratio has increased. The UE now adds, in this example, additional resources to the available resource set for NR transmissions.
[image: ]
[bookmark: _Ref102117945]Figure 1: Examples of adaptive set of available resources for NR SL transmissions
Hybrid Automatic Repeat Request (HARQ) based retransmissions are a fundamental feature of NR SL. To enable the NR SL UE to update the available resource set, it is crucial to have a common understanding of PSFCH resource across NR SL UEs. To achieve this, each NR SL UE may be (pre)configured with a basic resource set for cochannel coexistence where this basic set includes the common PSFCH resources (as shown in orange in Figure 1). Moreover, the NR SL UEs will include all the resources in these PSFCH slots in the set of available resources for NR transmissions. If this constraint is not implemented, there is an increased chance of LTE SL transmissions colliding with NR feedback transmissions as shown in Figure 2. This would degrade the performance of both NR SL PSFCH and LTE SL transmissions, affecting the AGC, and rendering either reception potentially undecodable.

[image: ]
[bookmark: _Ref101800957]Figure 2: The average signal strength across the symbols will be low at the LTE SL UE if NR SL UEs do not transmit on PSSCH resources in the slot with PSFCH resources.
 
[bookmark: _Ref101522845]Evaluation Results
In this section we provide evaluation results for the techniques proposed for study in Section 3. We consider the highway scenario in our analysis. In this set up, a UE may be 
a) Either a legacy LTE SL UE which supports LTE Rel. 14 transmission mechanisms
b) Or a UE with both NR SL and LTE SL (dual RAT) capability.
Detailed simulation assumptions are provided in the Appendix. In the first case, A dual RAT UE operates using Rel. 16 in-device coexistence mechanisms, where, based on the priorities of the transmissions, it drops NR SL or LTE SL transmissions and receptions. In the second case, the dual RAT UE replaces Rel. 16 in-device coexistence with the co-channel coexistence mechanism discussed in Section 3.
The performance of a network with 200 dual RAT UEs and 400 LTE SL-only UEs is shown in Figure 3. Here we compare the PRR for both NR SL and LTE SL systems. We observe that, when Rel. 16 in-device coexistence mechanism is used for coexistence, the performance of the lower priority RAT is severely degraded. For instance, when LTE SL is prioritized over NR SL, the NR SL PRR even at very close range is less than 50%. A similar trend is observed when NR SL traffic is prioritized over LTE SL traffic. On the other hand, the proposed cochannel coexistence mechanism strikes a balance between NR SL and LTE SL performance as shown by the PRR of both NR SL and LTE SL systems in Figure 3.
[bookmark: _Toc101803407][bookmark: _Toc102120313]Observation 6: Re-use of Rel. 16 in-device coexistence mechanism to implement cochannel coexistence leads to excessive performance degradation for the lower priority RAT.
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[bookmark: _Ref101802191]Figure 3: Highway simulation with 200 NR SL + LTE SL dual RAT devices and 400-LTE only devices. LTE SL PRR is shown in the plot on the left and NR SL PRR is shown in the plot on the right.
[image: ][image: ]
[bookmark: _Ref101802721]Figure 4: Highway simulation with 300 NR SL + LTE SL dual RAT devices and 300-LTE SL only devices. LTE SL PRR is shown in the plot on the left and NR PRR is shown in the plot on the right.
Furthermore, in Figure 4, we show the performance of a network with 300 dual RAT UEs and 300 LTE SL only UEs. This set of results show that the cochannel coexistence scheme not only balances NR SL and LTE SL performance over the same channel but can also adapt to changes in the network and traffic variations.
[bookmark: _Toc102120314]Observation 7: Release-16 in-device coexistence is insufficient for cochannel coexistence between LTE SL and NR SL and a new mechanism is needed.
[bookmark: _Toc101803419][bookmark: _Toc102120316]Proposal 2: Specify mechanisms for LTE SL and NR SL cochannel coexistence in Release-18.
Conclusions
Observation 1: A (pre-)configured semi-static resource partition between NR SL and LTE SL will require changes to existing LTE devices, which is infeasible and leads to inconsistencies in the system; and will not adapt to changes in the network.
Observation 2: Each NR SL UE can estimate a NR SL traffic proportion for the SL network based on its own sensing results.
Observation 3: NR SL UEs can determine the set of available resources for NR SL transmissions based on the proportion of NR SL traffic in the system
Observation 4: UEs updating the set of resources available for NR transmissions enables the system to adapt to changing traffic and/or network conditions.
Observation 5: Introducing an NR SL and LTE SL cochannel coexistence mechanism in Release-18 is feasible and can be achieved without any changes to existing LTE specifications, device implementation, and (pre-)configurations.
Observation 6: Re-use of Rel. 16 in-device coexistence mechanism to implement cochannel coexistence leads to excessive performance degradation for the lower priority RAT.
Observation 7: Release-16 in-device coexistence is insufficient for cochannel coexistence between LTE SL and NR SL and a new mechanism is needed.

Proposal 1: In evaluations of co-channel coexistence, assume that there are LTE V2X devices and dual service NR V2X/LTE V2X devices. The latter at least receive BSM messages on LTE SL.
Proposal 2: Specify mechanisms for LTE SL and NR SL cochannel coexistence in Release-18.

References
[1] [bookmark: _Ref101861946]RP-213678, “New WID on NR sidelink evolution,” OPPO, LG Electronics, RAN 94-e.

Appendix 
The simulation assumptions for the results presented in Section 4 are detailed in Table 1.
[bookmark: _Ref101856405]Table 1: Simulation Assumptions
	Sidelink Frequency
	6 GHz

	Traffic model for NR SL
	Aperiodic traffic: Medium Intensity 
Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms 
Packet size: Uniformly distributed between [200, 400, 600, 800, 1000, 1200, 1400, 1600, 1800, 2000] bytes 
Latency requirement: 50 ms

	Traffic model for LTE SL
	Periodic Traffic:
One 300-byte packet followed by four 190-byte packets.
Packet generation periodicity: 100 ms

	Simulation environment
	Highway

	UE drop and mobility
	Highway: Option A (140Kmph) (as per TR 37.885) with 600 vehicles, corresponding to 800 and 900 devices total, over 20 Km.

	Number of Tx/Rx antenna elements
	1Tx/2Rx 

	Antenna model
	Option 1

	Simulation bandwidth
	20 MHz

	SCS
	15 kHz

	Pathloss, shadowing, blocking and dual mobility models
	Enabled (as per TR 37.885) 

	Number of retransmissions (NR)
	1 Initial Transmission + up to 3 HARQ retransmissions

	Number of retransmissions (LTE)
	1 Initial + 1 Retransmission

	Communication Mode (NR)
	Groupcast Option 1

	Required Communication Range (NR)
	240 m
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