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1	Introduction
[bookmark: _Hlk525462591]In RAN Meeting #97e, the WID on NR sidelink evolution was agreed; the most recent WID is [1]. The WID includes the following objective for co-channel co-existence of NR sidelink and LTE sidelink operation in common spectrum:
	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
· 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


The revised WID adds a note to the co-channel coexistence objective which clarifies that dynamic co-channel coexistence should be studied and that high priority should be put on Type A devices as well as operating combination A (i.e. Mode 2 NR and Mode 4 LTE). This would not preclude Type B devices or other operating modes. 

In this contribution, we discuss the following aspects: 
· Motivation behind co-channel coexistence and the differences between semi-static TDM, FDM and dynamic co-channel coexistence.
· Challenges related to dynamic co-channel coexistence such as if/how to support mixed numerology and PSFCH 
· Type A device behavior and how to support Type B devices
· How to ensure proper synchronization between LTE and NR SL devices when operating in a shared carrier

[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]2	On co-channel coexistence
The following justification is given as background for the objective to support LTE SL and NR SL co-channel coexistence in V2X deployments in ITS spectrum:
	Another aspect to consider is the V2X deployment scenario where both LTE V2X and NR V2X devices are to coexist in the same frequency channel. For the two different types of devices to coexist while using a common carrier frequency, it is important that there is mechanism to efficiently utilize resource allocation by the two technologies without negatively impacting the operation of each technology. This requirement was also mentioned as part of the input from 5G Automotive Association to the Rel-18 RAN Workshop.


Before discussing the actual co-channel coexistence mechanisms, it is important to clarify what is the motivation to introduce co-channel coexistence and what is the intended degree of coexistence between LTE SL and NR SL.
The main motivation to consider co-channel coexistence between LTE SL and NR SL, is associated to the expectation that most (if not all) of the ITS spectrum will be allocated by regulators to LTE SL, leaving limited (or no) dedicated spectrum for NR SL. The motivation to prioritize LTE SL in the ITS spectrum, is related to the need to enable the basic safety V2X use cases (such as the ones described in TS 22.885) in a relatively short term in as many vehicles as possible to minimize the occurrence of traffic related accidents and fatalities. As new vehicles (that support both LTE SL and NR SL, and further in the future potentially NR SL only) are introduced into the market then at some point in time there will be enough market penetration to enable the use of advanced V2X use cases (such as the ones described in TS 22.886). However, for these advanced V2X use cases to be feasible it is required that enough spectrum is made available for NR SL both in non-ITS bands as well as the ITS band While the former case is being tackled by the introduction in NR SL of features such as carrier aggregation, operation in unlicensed band and beam management at FR2, the latter is to be enabled via LTE SL and NR SL co-channel coexistence.
In RAN1#109e the agreement below was made regarding the study of the feasibility of both semi-static and dynamic resource sharing.
	Agreement
Feasibility of semi-static resource pool partitioning and dynamic resource sharing as possible solutions for co-channel coexistence are to be studied.


In the following we discuss the different modes of co-channel coexistence and motivate why dynamic co-channel co-existence is the only solution suitable to achieve co-channel coexistence.
In Figure 1, we consider the three main modes of co-channel coexistence of LTE-V2X and NR-V2X in a common carrier frequency and in the following we analyze their pros and cons.
[image: ]
[bookmark: _Ref110503696]Figure 1: Examples of LTE SL and NR SL co-channel coexistence in the same carrier: (a) Semi-static TDM co-channel coexistence; (b) Semi-static FDM co-channel coexistence; (c) Dynamic with overlap of LTE SL + NR SL in the same common carrier resources.
The use of semi-static TDM to enable co-channel coexistence between LTE SL and NR SL, as depicted in Figure 1.(a), has the advantage that it can be achieved via resource pool configuration (i.e. without specification impact). However, once a resource pool pre-configuration is established, then it is expected that this TDM configuration will remain static for several decades due to regulatory concerns associated with traffic safety. In other words, transition/re-farming of LTE SL spectrum resources to NR SL is very unlikely to occur if co-channel coexistence is implemented via TDM.
The use of semi-static FDM to enable co-channel coexistence, as depicted in Figure 1.(b), has again the advantage that it can be achieved via resource pool configuration. However, the semi-static co-channel coexistence mode has two main drawbacks. First, the same drawback as semi-static TDM, that it might be infeasible to update the resource pre-configuration once it has been established. Secondly, there is a risk of causing LTE SL receiver AGC issues as illustrated in Figure 2, where the LTE’s AGC setting is impacted by the power variations associated with the NR’s V2X transmission in the case of NR slots configured with PSFCH symbols. LTE use the first symbol of each LTE SL subframe for AGC meaning that the LTE SL Rx UE use this symbol to adjust the ADC (Analog-to-Digital Converter) gain of the incoming signal to minimize the quantization noise and prevent saturation at the ADC. The LTE SL Rx UE does not expect the need to change its ADC gain during a subframe. But that might be needed when an NR resource pool is configured with PSFCH and a slot with PSFCH overlaps (in time) an LTE subframe as the PSFCH related symbols are introduced at the end of the NR SL slot. 
[bookmark: Obs32467][bookmark: Obs96111][bookmark: Obs81340][bookmark: Obs52004]Observation 1: Semi-static co-channel coexistence approaches (FDM and TDM) prevent transition/re-farming of LTE SL spectrum resources to NR SL due to the inability to update a V2X pre-configuration once it has been established.

[image: ]
[bookmark: _Ref110504943]Figure 2: Impact of NR transmissions inducing on the setting of the LTE SL Rx ADC gain, for the case when a NR slot with PSFCH overlaps an LTE SL subframe in time.
Should we have to choose between TDM and FDM (to supplement dynamic) it seems that a FDM approach is not as straightforward to support as an TDM approach, and hence a TDM approach should be the chosen. 
[bookmark: Proposal60954][bookmark: Proposal2880][bookmark: Proposal4251][bookmark: Proposal29378]Proposal 1: RAN1 does not further discuss an FDM semi-static approach to co-channel coexistence as a TDM approach is already agreed to be feasible. 
When the LTE SL + NR SL are fully overlapped in the same common carrier resources, as depicted Figure 1.(c), then when used in conjunction with a dynamic co-channel coexistence mechanism, it becomes possible for the NR SL to utilize any resources if these are not being used by LTE SL. This enables a future proof ITS deployment, as the resources allocated for LTE SL can be transitioned/re-farmed by NR-V2X as the use of LTE SL decreases. However, there are challenges to be handled to support dynamic co-channel coexistence, such as the risk of causing an AGC issue to LTE SL Rx UE. 
3	On dynamic co-channel coexistence
It is shown from the discussion above that dynamic co-channel coexistence is a must have, and can allow a smooth and efficient transition from LTE V2X towards NR V2X. However, it comes with a few challenges which RAN1 should study how to solve. In RAN1#110 the following agreement was reached regarding dynamic co-channel coexistence:
	Agreement
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.
A. 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:
A. 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.
B. Alt 2: NR SL UEs use a periodically repeating set of PSFCH slots.
FFS: periodicities of the set.


In this section we will discuss the use of higher numerology for NR, as well as what to do about PSFCH.
3.1	NR SL using a numerology with higher SCS than LTE
NR SL supports multiple numerologies and for NR V2X use cases the working assumption is that 30 kHz SCS will be used as this is more resilient to Doppler frequency shifts than when using 15 kHz SCS. It is therefore also assumed that when SL-CA will be standardized, some carriers will use 30kHz SCS; for legacy NR sidelink devices (Rel-16 and Rel-17) only reception using 30 kHz SCS is mandatory. Should the shared channel access for NR be restricted to 15kHz SCS, that would mean that a device will have to support CA with mixed numerologies (e.g. 15 and 30kHz SCS) which complicates the CA implementation at the devices. Another clear benefit is that the higher the SCS, the lower will be the symbol/slot duration and therefore the communication latency will be lower. 
	[bookmark: Obs96112][bookmark: Obs81341][bookmark: Obs52005]Observation 2: Restricting co-channel coexistence to 15kHz has the following drawbacks:
· Increased latency (that necessary)
· Less robustness to Doppler frequency shifts.
· Complicate the CA design when aggregating the shared ITS carrier with another NR carrier.



[bookmark: Proposal60956][bookmark: Proposal2881][bookmark: Proposal4252][bookmark: Proposal29379]Proposal 2: NR SL should support higher SCS than 15 kHz for co-channel coexistence.
When NR SL applies 30 kHz SCS while LTE SL only supports 15 kHz SCS, there will be 2 NR SL slots corresponding to one LTE SL subframe. Even if the start of the NR SL slots and LTE SL subframe are aligned in time, the AGC setting performance will be degraded at an LTE SL Rx UE in the following settings: 
	The NR transmissions in the first and second slots are from different NR UEs (as depicted in Figure 3.a); 
	The NR transmission occurs only in the second slot (as depicted in Figure 3.b);
In both cases, the LTE Rx performs the AGC adjustment in the first symbol of an LTE SL subframe where a NR SL transmission is from one NR UE or absent and the AGC’s gain is adjusted to a lower received signal power. When the second NR UE performs its transmission in the second slot then its signal will be added to the ongoing LTE SL transmission – which increases the total received power at the LTE Rx – while the AGC’s gain determined in the first slot is still the one being applied. The consequence is that this can lead the ADC to become saturated and therefore impair the decoding of the LTE transmission at the LTE Rx.
[bookmark: _Ref101344041][image: ]
[bookmark: _Ref107387202]Figure 3. Impact of NR transmissions inducing on the setting of the LTE Rx’s AGC from NR using higher SCS than 15kHz: (a) NR transmissions from different NR Tx in both NR slots overlapping with the LTE subframe; (b) NR transmission from a NR Tx in the second slot overlapping with the LTE subframe.
[bookmark: Proposal90647]One option for supporting higher numerologies for NR SL with dynamic co-channel coexistence, is to allow NR SL to select more than one consecutive NR slots to basically aggregate the slots that overlaps an LTE subframe used for LTE SL transmission. In other words, following the example illustrated in Figure 3, the NR SL transmission occupies two consecutive slots (for 30 kHz SCS), while maintaining the same transmission power level in all slots that overlap an LTE subframe. The benefit of this approach is that this avoids the need to drop NR transmissions that fall in the time domain in the second half of the LTE subframe. We note that this proposal is feasible to be implemented in an NR SL device that is capable of at least one of; LTE detection, LTE sensing, receiving information from an LTE module or receiving LTE related IUC. 
[bookmark: Proposal60958][bookmark: Proposal2882][bookmark: Proposal4253][bookmark: Proposal29380]Proposal 3: For NR SL using a higher numerology than LTE, slot aggregation is supported such that an NR SL device can reserve and transmit in consecutive NR slots starting with the first NR slot that overlaps an LTE SL subframe.
3.2	NR using PSFCH
One of the key features of NR SL is the support of HARQ in unicast and groupcast. HARQ feedback is carried over PSFCH, which is transmitted in 2 symbols within the last 4 symbols (guard, PSFCH AGC, PSFCH and guard) in an NR slot containing PSFCH. However, while HARQ will improve NR SL resource usage (by reducing the need for blind retransmissions) the use of PSFCH is another source of LTE Rx AGC issue when the PSFCH overlaps with an LTE SL subframe as depicted in Figure 2). As also illustrated with Figure 3 this issue is also present when NR use a SCS higher than 15kHz, but with one exception which is when NR use 60 kHz SCS and when every forth NR slot is configured with PSFCH symbols.  
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[bookmark: _Ref107390692]Figure 4. Illustration of options to address LTE Rx issues caused by NR PSFCH transmitted in a slot that overlaps an LTE subframe. The striped light blue symbol in Option c, is the common AGC symbol.
Solutions for how to support PSFCH without causing LTE AGC issues falls into two categories;
A. Avoidance. The objective here is to prevent that NR will transmit PSFCH in a slot where LTE is transmitting as well, by means of sensing. In RAN1#110 two alternatives were described which both fall into this category; 
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.	
B. Slot format. The objective here is to adopt a slot-format which by design will not cause any AGC issues to the LTE receiver, hence enforcing no restrictions to NR on when to use PSFCH.

Considering  Alt 1, it is mentioned that the avoidance is done by the UE transmitting PSSCH (i.e. the Tx UE), and/or by the UE that is going to transmit PSFCH (i.e. the Rx UE). The Tx UE can do a biased selection of PSSCH candidate resources considering the PSFCH configuration and LTE sensing to prevent selecting a PSSCH resource that will point to a PSFCH resource that overlaps an LTE reservation. The Rx UE could similarly base its decision on LTE sensing results or on the outcome of detecting if an LTE transmission is actually ongoing in the slot where PSFCH is going to be transmitted. The benefits of the latter is that it works no matter whether it is the initial or a reserved LTE transmission. It seems beneficial that a combination of both TX and RX UE is responsible for the prevention such that a Tx UE would indicate that PSFCH is disabled/not expected if it determines that the slot with PSFCH overlaps a reserved LTE subframe, and the Rx UE would drop transmitting PSFCH if it determines that an LTE UE is transmitting in a subframe overlapping the slot with PSFCH. RAN1 does, however, need to discuss if this avoiding to transmit PSFCH should be applied with some conditions, e.g. only when the NR SL PSSCH transmission is of higher or equal priority value compared to the LTE SL PSSCH transmission, and/or is below a certain RSRP threshold.

[bookmark: Obs96113][bookmark: Obs81342][bookmark: Obs52006]Observation 3: Solution Alt 1 for enabling PSFCH in dynamic co-channel coexistence, seems beneficial that both Tx and Rx UE will take actions to prevent transmitting PSFCH on top of an active LTE transmission. However, RAN1 will need to discuss conditions for avoiding PSFCH.

Alt 2 targets to adapt a PSFCH periodicity, and occupy the slots where PSFCH is configured, with PSSCH transmissions as much as possible such that the LTE SL UE can sense them within its LTE energy based sensing framework. We have to recall that the LTE sensing framework is looking for reoccurring allocations of e.g. 100ms, hence the PSFCH configuration would need to comply with that such that a set of PSFCH resources will repeat every 100ms. Another restriction is the need to bias PSSCH resource selection to slots where PSFCH is configured, and it is not clear how that would be done. For example, if each UE that ends with a set of candidate resources where a resource within the slot that contains PSFCH, would it then need to select that resource with a higher probability, with the increased risk of collisions. Further, this approach would inherently increase the NR latency, which might seriously affect which NR SL services can be supported.

[bookmark: Obs96114][bookmark: Obs81343][bookmark: Obs52007]Observation 4: For Solution Alt 2 for enabling PSFCH in dynamic co-channel coexistence, it is unclear how an NR UE will prioritize to select resources in a slot which has PSFCH configured, without significantly increasing the risk of collisions and increasing the latency.

In case of either Alt 1 or Alt 2, restrictions to PSSCH resource (re-)selection are needed. 

[bookmark: Obs96115][bookmark: Obs81344][bookmark: Obs52008]Observation 5: Current options (Alt 1 and Alt 2) on the table for PSFCH support for dynamic co-channel coexistence requires PSSCH resource selection restrictions.

The alternative direction is category B, a new slot format for slots containing PSFCH. Figure 4 provides illustrations of three options of slot formats which can support PSFCH without causing AGC issues to LTE SL receivers or resource selection restrictions to NR SL devices. These three options are:
Option a.	Force NR SL to operate at 60kHz when PSFCH is enabled (at least in all slots that overlaps an LTE subframe and PSFCH is enabled in every NR SL fourth slot);
Option b.	Use a long PSFCH format (that spans the entire NR slot), similar to the long PSFCH format discussed during Rel.16;
Option c.	Enforce the NR SL UEs transmitting PSFCH to also transmit during the AGC symbol in the start of the slot.
Option a. addresses the issue by placing PSFCH in the LTE guard symbol and does not have specification impact. However, there is the concern that this option does not work in scenarios that requires a longer symbol duration (and larger cyclic prefix) than what is used for 60kHz SCS, and hence the solution applicability might be limited; this can be mitigated by using extended cyclic prefix which is supported for 60 kHz SCS.
Option b. addresses the issue by introducing a new slot format where PSFCH is transmitted in a small subchannel, e.g., 2PRB over the duration of the entire slot (excluding guard symbol). It is anticipated that this solution is not beneficial from an NR SL performance point of view, as the slots used for PSFCH cannot be used for PSSCH/PSCCH transmissions. Further, the solution scales badly when NR use a higher SCS than 15kHz and has significant specification impact. One further challenge for this option is that it causes half-duplex issues, as UEs transmitting PSFCH across an entire slot, will not be able to monitor this slot at all.
Option c. addresses the issue by having both NR Tx and NR Rx that intend to transmit respectively in an NR slot PSCCH/PSSCH and PSFCH, to also transmit in an AGC symbol at the start of the slot that overlaps the start of the LTE subframe. When both NR Tx and NR Rx transmit in the AGC symbol in the first symbol, this ensures that transmission power during the remainder of the slot will not be higher than what is used in the AGC symbol in the first symbol. This in turn allows the LTE Rx to set its AGC gain to cope with the presence of both the NR Tx and NR Rx UEs even though the NR Rx UE will only transmit again in the PSFCH symbols that occur at the end of the NR slot. This option requires a change of the NR mode of operation (i.e., introduce a common AGC symbol, shorter PSCCH/PSSCH durations and a restriction on maintaining the same transmit power level used during the common AGC and PSCCH/PSSCH and PSFCH), but can work in any scenario. The cost of this option is the additional AGC and guard symbol.
All three proposed options in the slot format category have pros and cons. Option a is a simple solution, but it also ties the subcarrier spacing of 60kHz together with the support of PSFCH which is not desirable. Option b has the drawback of the need for a completely new PSFCH format, which would have a large specification impact and the solution does not solve the AGC issue when the subcarrier spacing is larger than 15kHz. Lastly Option c, has the drawback of the need for an additional AGC and guard symbol, but it solves the AGC issue without the need for a new PSFCH format. Both option b and c need a complementary mechanism to handle higher numerologies, such as slot aggregation.
	[bookmark: Proposal2883][bookmark: Proposal60959][bookmark: Proposal4254][bookmark: Proposal29381]Proposal 4: RAN1 to study the following alternatives for how to support PSFCH with dynamic resource pool sharing:
· Alt 1. Tx UE attempts to select a PSSCH resource such that no LTE reservation overlaps the slot with the associated PSFCH, while Rx UE detects whether an LTE transmission is occurring in the slot in which PSFCH is intended to be transmitted.
· FFS: Conditions for when to avoid transmission of PSFCH in a slot that is overlapping a reserved LTE resource
· Alt 3. Adopt a slot-format for slots where PSFCH is configured, such option c, where a common AGC symbol is introduce which is transmitted by all UEs intending to transmit during a slot (transmission of PSSCH/PSCCH and PSFCH)



Alt 1 will lead to a dropped or temporarily disabled PSFCH. It is obviously not efficient to drop PSFCH, as it leaves the transmitter with no information on the success of the TB. PSFCH feedback in NR can be utilized for both unicast and groupcast transmissions. For groupcast HARQ feedback option 1 (i.e. NACK-only option) the transmitter will have to assume ACK when there is no NACK, but if the reason for not transmitting PSFCH is due to LTE, that can be the wrong assumption. The simplest solution is to consider PSFCH as temporary disabled when either the Tx UE detects that its PSSCH maps to a PSFCH in a slot that overlaps a reserved LTE resource, which means the Rx UE detected an ongoing LTE transmission in the slot where PSFCH was going to be transmitted and dropped PSFCH transmission. RAN1 will then need to discuss if that should be translated as an implicit NACK for groupcast option 1.
[bookmark: Proposal2884][bookmark: Proposal4255][bookmark: Proposal29382]Proposal 5: RAN1 to discuss how to handle a dropped PSFCH for groupcast option 1.
4	How Type A and Type B devices can support dynamic co-channel coexistence?
We have a working assumption from RAN1#110e that at least Type A devices are supported for co-channel coexistence, and an updated WID stating to focus on Type A devices, so this is what we will do in this section. However, it is not our understanding that this precludes the support for Type-B devices. 
	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.



4.1	NR SL Type A device (dual-RAT)
As stated in the Working assumption, an NR SL Type A device comprises both an LTE SL and an NR SL module and is assumed to have an inter-module interface allowing for internal device module coordination. Such modules support LTE SL to ensure day 1 traffic safety, while being ready to use NR SL when the penetration of NR SL devices increase, which could be desirable for vehicle manufacturers given the long life-span of vehicles. 
It is commonly understood that the interface connecting the two modules might be the same or different from the one used for Rel-16 in-device coexistence priority coordination. The Rel-16 in-device coexistence framework could be used for co-channel coexistence purposes as well, but it would be an inefficient mechanism as checking of priority is done just prior to any RX and TX event, meaning that a module could conduct resource (re)selection, but might have to drop right before an RX or TX event. Some of the implications of dropping include: 
	Unused/wasted resource selection since other devices do not have time to react and use the resource;
	Recipients of the dropped transmission would not know it is dropped;
	No HARQ feedback transmitted if it is the NR SL Rx device having to drop a slot with PSFCH. 
All these implications can degrade the resource use efficiency of both NR and LTE SL, which calls for extensions to the Rel-16 in-device coexistence framework for Rel-18 in-device co-channel coexistence. 
[bookmark: Obs32468][bookmark: Obs96116][bookmark: Obs81345][bookmark: Obs52009]Observation 6: The in-device coexistence framework can be used for co-channel coexistence but with expected resource use efficiency degradation for both LTE and NR.
As it is already agreed to not accept any specification change to LTE, this information will have to be delivered from the LTE module by means of implementation and used at the NR module for enhancements to the resource (re-)selection procedure, including enhancements to the IUC scheme 1 or scheme 2 in order to allow Type B devices to minimize their impact to Type C devices without being faced with a significant performance degradation it self.
[bookmark: Obs96117][bookmark: Obs81346][bookmark: Obs52010]Observation 7: Enhancements to in-device coexistence information exchange, will have to be enabled with no changes to LTE specifications, i.e. an inter-module interface is left for implementation.
[bookmark: Obs96118][bookmark: Obs81347][bookmark: Obs52011][bookmark: _Hlk114807437]Observation 8: The NR module inside the SL Type A device has to be based on Rel-18 as NR SL specification changes would be needed.
In RAN1#110 the following proposal was discussed but not agreed: 
	Proposal 2-4b (II):
· For co-channel coexistence in Rel-18, for the study of dynamic resource pool sharing, the information shared by the LTE SL module to the NR SL module contains at least the following parameters:
· LTE sensing results may include
· Time and frequency locations of reserved LTE transmissions
· Resource reservation periods
· SL RSRP and/or SL RSSI measurement results
· Priority
· Resources corresponding to half-duplex subframes which are not monitored by the LTE SL UE.
· FFS other parameters including (but not limited to):
· Resource reservation periods
· SL RSRP and/or SL RSSI measurement results
· FFS details.


The Type A device can report detected resource reservations as to the NR device including at least the following set of information (if available):
· Time and frequency location of reserved allocation
· Priority of the reserved allocations
· Associated RSRP measurement
This information is extracted at the LTE module from decoded SCI. The LTE module can deliver its own resource selections as well as provide the information on non-monitored subframes.
	[bookmark: Proposal2885][bookmark: Proposal4256][bookmark: Proposal29383]Proposal 6: The LTE module can provide at least to the NR module:
· Its own resource selections;
· Information on non-monitored subframes;
· LTE sensing results.



We note that the latency between the two interfaces will impact how old LTE sensing information is when received at the NR module, but as there could many different interfaces and implementations of these and distances between the two modules, nothing specific can be used for the analysis. However, RAN1 could agree on a common assumption, e.g. that LTE sensing information is no older than x NR SL slots or x LTE SL subframes.
[bookmark: Proposal2886][bookmark: Proposal4257][bookmark: Proposal29384]Proposal 7: For the sake of evaluation of Type A devices for co-channel coexistence, RAN1 will make an assumption on the maximum time between the LTE SL sub-frame where the SCI decoding or RSSI/RSRP measurement takes place until the associated LTE SL sensing information is available at the NR SL module.
Then it has been discussed in RAN1#110 what the NR module should do about the information received from the LTE module, which concluded with a non-agreed proposal:
	Proposal 2-4a (II):
· For co-channel coexistence in Rel-18, for the study of dynamic resource pool sharing, the NR SL module in type A devices supports the use of the LTE SL sensing and resource reservation information to exclude resources reserved by LTE SL UEs from the set of available resources in its own resource selection procedures.
· FFS details of resource exclusion by NR SL module.



One option is that the NR module will exclude all slots that overlaps a reserved LTE subframe. While this is a simple approach, it is also not taking into account the priority of the LTE transmission or the associated RSRP, and it is not fair for the NR module to treat all LTE transmissions with the highest possible priority. Therefore, our proposal is that the NR module will consider the reserved LTE transmission similarly as it will consider NR reservations in its procedure for deriving non-preferred resources that is then excluded from the set of preferred resources. To avoid the AGC issue as discussed previously, the NR module will have to consider the entire slot as non-preferred, if the slot is not starting at the same time as the LTE subframe. If that is the case, (e.g. NR and LTE use the same numerology, or this is the first slot out of multiple that is overlapping a single LTE subframe), then NR will only have to exclude the subchannels that is overlapping the LTE reserved resources in the frequency domain.
[bookmark: Proposal2887][bookmark: Proposal4258][bookmark: Proposal29385]Proposal 8: A Type A device will consider the LTE reservations similarly as it considers NR reservations, when doing resource exclusion in terms of priority and RSRP threshold. NR will only exclude the overlapped candidate resources. To avoid the AGC issue, the NR module will have to consider the entire slot as non-preferred, if the slot is not starting at the same time as the LTE subframe.

4.2	NR SL Type B device (NR SL module only)
A NR SL Type B device, compared to a Type A device, is a device which contains only an NR module (or has no interface or shared hardware to an LTE SL module). That means that it will not have an internal interface to provide it with information on LTE SL sensing results. We consider the Type-B (NR only) device to be essential for the co-channel coexistence framework as it can be expected that new (at some point in time) will not be deployed with an LTE module and that this module allow deploying a existing LTE only connected vehicle with NR SL capabilities. For a Type B device to act fairly towards NR Type A devices and LTE devices it will need to have some mechanisms to become LTE SL aware in its resource selection and re-selection procedures to not be LTE SL agnostic. 
[bookmark: Proposal60963][bookmark: Proposal2888][bookmark: Proposal4259][bookmark: Proposal29386]Proposal 9: For co-channel coexistence, Type B devices should be supported. A Type B device is a Release-18 NR only device which does not have the sensing information shared by the LTE module (if present).
In general, three options can be considered, when it is assumed that these devices must work in Mode 2, which are:
Option a)	relying on IUC from a Type A device; or
Option b)	be equipped with LTE detection capabilities
Option c)	be equipped with LTE sensing capabilities
It is our view that at least option a) and at least one of b) and c) should be supported. The reason being Option a) cannot stand alone for a Type B device, but can be considered as an assisting procedure when a Type A device is nearby and can provide it with IUC support. This could be the case when a Type A device could be a RSU for example. 
Option b) and c) provides the Type B device with LTE SL awareness by itself and should be considered the primary options. Option b) refers to the capability of detecting the presence of an LTE SL transmission, and then avoid initiating an NR transmission in an overlapping slot. This is certainly feasible for PSFCH with the existing NR slot format for PSFCH, as well as when NR use a higher numerology than LTE, but it might not be feasible to timely detect an LTE transmission when the start of the subframe and slot are aligned. 
Option c) refers to the NR device conducting LTE based sensing, whereas at the very simplest level, the Type B device will conduct energy-based sensing for LTE transmissions which can be sufficient to detect occupied LTE resources and derive LTE reservation patterns. However, this is obviously not the most reliable nor resource efficient way to detect future LTE reservations, and does not give the device any information on what priority the LTE reservation have and therefore a more efficient capability option is that the Type B device can receive LTE PSCCH including LTE SCI and from those determine for example the periodicity and priority of the LTE reservations.  
Option b) and c) provides the Type B device with LTE SL awareness by itself and should be considered the primary options.
	[bookmark: Proposal2889][bookmark: Proposal60964][bookmark: Proposal4260][bookmark: Proposal29387]Proposal 10: A Type B device should support at least one of the following LTE detection or sensing capabilities:
	Capability A: NR SL device capability to detect ongoing LTE transmissions. 
	Capability B1: NR SL device capability to conduct energy-based sensing of LTE transmissions.
	Capability B2: NR SL device can receive LTE PSCCH (incl SCI) signals 
FFS whether to include the measurement of the corresponding PSSCH RSRP.


	


Depending on the chosen Type B LTE awareness capability there are likely performance enhancements by the Type B device being assisted by the Type A device via IUC. It is our view that both IUC Scheme 1 and Scheme 2 could be used to enhance system performance that includes a Type B device. One key issue is, however, that there is currently no way for the Type B device to know whether an NR SL device nearby can support it with IUC information if the Type B devices does not already have a PC5-RRC connection to that device. A Release-17 NR UE can indicate that it can receive IUC Scheme 2 conflict indications, but there are no guarantees that a Type A device will be around and be able to respond.
[bookmark: Proposal60965][bookmark: Proposal2890][bookmark: Proposal4261][bookmark: Proposal29388]Proposal 11: A Type B device should be able to discover when a Type A device capable of providing IUC support is nearby.  
Assuming that a Type A and Type B device can be made aware of each other, we see that both IUC schemes could be useful. Whereas scheme 1 is useful for the Type B resource selection to avoid systematic conflicts (dodge the LTE reservations), scheme 2 will be a useful when the Type B device reserves resources that is occupied by a higher priority LTE resource. 
[bookmark: Proposal60966][bookmark: Proposal2891][bookmark: Proposal4262][bookmark: Proposal29389]Proposal 12: Both IUC Scheme 1 and Scheme 2 should be supported for NR SL Type B devices.
4.3	Type C (LTE only)
A Type C device is a device that consists of an LTE module (and has no interface or shared hardware with an NR module) and hence may represents a set of devices which might already be deployed on the road or will be deployed on the road. As it has already been agreed that there should not be any LTE specifications changes, these devices are considered only for evaluation purposes. It is important that the studies of co-channel coexistence mechanisms for Type A and B devices also evaluate the impact of both Type C and Type B devices. 
5	Synchronization between NR and LTE
Semi-static FDM-based and dynamic co-channel coexistence modes presented in Figure 1 (b) and (c) require at least slot and subframe boundary alignment between LTE and NR SL transmissions to avoid AGC issues. Strict slot and subframe boundary alignment is not necessary for semi-static TDM presented in Figure 1 (a), if guard slots/subframes are configured between NR and LTE in the resource pool configurations and the timing offset between LTE and NR is known. However, since the slot and subframe boundaries in Rel-16 in-device coexistence framework are assumed to be aligned, it is reasonable to do the same assumption in co-channel coexistence operation to avoid unnecessary overhead. In case of device type A, the alignment may be achieved by implementation means as in Rel-16.
[bookmark: Obs96119][bookmark: Obs81348][bookmark: Obs52012]Observation 9: For any co-channel coexistence mode slot and subframe boundary alignment between LTE and NR SL is assumed
During RAN1#110 the following conclusion was made:
	Conclusion
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


In addition to slot and subframe alignment, configuration of non-overlapping resource pools for LTE SL and NR SL requires 10240ms DFN period alignment so that resource pool bitmaps in LTE and NR have the same starting point. Rel-16 in device framework states that UE must know frame indexes of LTE and NR. Our understanding is that this is not sufficient but frame indexes in LTE and NR should be aligned in TDM based co-channel coexistence operation.
[bookmark: Proposal2892][bookmark: Proposal4263][bookmark: Proposal29390]Proposal 13: When non-overlapping resource pools are configured for semi-static TDM based co-channel coexistence, DFN/SFN and subframe/slot alignment between NR SL and LTE SL is assumed.
GNSS or eNB can be used as synchronization source for both LTE and NR SL operation. If the UE synchronizes to one of them then DFN and subframe/slot alignment between NR and LTE is guaranteed. But if NR SL unit is synchronized to gNB then according to the current specification LTE SL unit needs to find some other synchronization source because gNB is not supported as a synchronization source for LTE. Also, NR S-SSB is not supported as synchronization source for LTE SL and LTE S-SSB is not supported as synchronization source for NR SL. In case of type A device, the UE could compare priority of synchronization sources available for LTE unit and NR unit so that the device would be aware of synchronization priorities of LTE SL and NR SL. In case of type B device, the awareness of synchronization priority of LTE SL would require capability to receive LTE S-SSB. The requirement that LTE operation should not be changed limits the choice of synchronization sources for LTE SL but at least for the case when LTE S-SSB is the highest priority synchronization source, NR should support to use it as a synchronization reference source.
[bookmark: Proposal2893][bookmark: Proposal4264][bookmark: Proposal29391]Proposal 14: Type A device should support transmitting NR S-SSB that is based on reception of LTE S-SSB in  co-channel coexistence operation.
For a Type B NR device, the question remains whether it should support receiving LTE S-SSBs or need to rely on a Type A NR device supporting the transmissions of NR S-SSBs based on received LTE S-SSBs. If reception of LTE S-SSB is supported, the problem of LTE devices using higher priority synchronization than NR  can be addressed by the NR device receiving and synchronizing to an LTE SyncRef UE. If the NR devices in the carrier use higher priority synchronization than LTE side, type B device should have the capability to transmit LTE S-SSBs based on the synchronization obtained from gNB or NR S-SSBs.
[bookmark: Proposal2894][bookmark: Proposal4265][bookmark: Proposal29392]Proposal 15: RAN1 should discuss how a Type B NR SL UE can be synchronized with nearby LTE SL UEs and if Type B device should have LTE S-SSB reception and/or transmission capabilities 


6	Resource allocation modes of LTE and NR SL for co-channel coexistence
The RAN#97e agreed to add a note to the objective stating to focus on Combination A. That would not preclude other combinations, but it means that they should not be discussed before we have a solid co-channel coexistence framework in place with Combination A. It was raised during RAN1#109e which resource allocation modes should be supported for co-channel coexistence, and the agreement below was made:
	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).


It is our view, that existing LTE deployments only support Mode 4, and that it is unlikely that a Mode 3 LTE SL mode will be deployed. It is also our view that the predominant mode for NR in co-channel coexistence will be Mode 2, meaning that both LTE and NR would operate in a distributed manner. The advanced use cases that NR supports, could benefit from a Mode 1 operation (e.g. the gNB acting as a RSU). That said, we encourage that standardization effort on co-channel coexistence solves the issues of LTE Mode 4 and NR Mode 2 first, and only if time allows consider addressing the issues caused by LTE Mode 4 coexistence with NR Mode 1. 

7	Conclusions
[bookmark: ConclusionsPObsInSeq]In this contribution, we have the following observations and contributions:
Observation 1: Semi-static co-channel coexistence approaches (FDM and TDM) prevent transition/re-farming of LTE SL spectrum resources to NR SL due to the inability to update a V2X pre-configuration once it has been established.
Proposal 1: RAN1 does not further discuss an FDM semi-static approach to co-channel coexistence as a TDM approach is already agreed to be feasible. 

	Observation 2: Restricting co-channel coexistence to 15kHz has the following drawbacks:
· Increased latency (that necessary)
· Less robustness to Doppler frequency shifts.
· Complicate the CA design when aggregating the shared ITS carrier with another NR carrier.


Proposal 2: NR SL should support higher SCS than 15 kHz for co-channel coexistence.
Proposal 3: For NR SL using a higher numerology than LTE, slot aggregation is supported such that an NR SL device can reserve and transmit in consecutive NR slots starting with the first NR slot that overlaps an LTE SL subframe.

Observation 3: Solution Alt 1 for enabling PSFCH in dynamic co-channel coexistence, seems beneficial that both Tx and Rx UE will take actions to prevent transmitting PSFCH on top of an active LTE transmission. However, RAN1 will need to discuss conditions for avoiding PSFCH.

Observation 4: For Solution Alt 2 for enabling PSFCH in dynamic co-channel coexistence, it is unclear how an NR UE will prioritize to select resources in a slot which has PSFCH configured, without significantly increasing the risk of collisions and increasing the latency.

Observation 5: Current options (Alt 1 and Alt 2) on the table for PSFCH support for dynamic co-channel coexistence requires PSSCH resource selection restrictions.

	Proposal 4: RAN1 to study the following alternatives for how to support PSFCH with dynamic resource pool sharing:
· Alt 1. Tx UE attempts to select a PSSCH resource such that no LTE reservation overlaps the slot with the associated PSFCH, while Rx UE detects whether an LTE transmission is occurring in the slot in which PSFCH is intended to be transmitted.
· FFS: Conditions for when to avoid transmission of PSFCH in a slot that is overlapping a reserved LTE resource
· Alt 3. Adopt a slot-format for slots where PSFCH is configured, such option c, where a common AGC symbol is introduce which is transmitted by all UEs intending to transmit during a slot (transmission of PSSCH/PSCCH and PSFCH)


Proposal 5: RAN1 to discuss how to handle a dropped PSFCH for groupcast option 1.
Observation 6: The in-device coexistence framework can be used for co-channel coexistence but with expected resource use efficiency degradation for both LTE and NR.
Observation 7: Enhancements to in-device coexistence information exchange, will have to be enabled with no changes to LTE specifications, i.e. an inter-module interface is left for implementation.
Observation 8: The NR module inside the SL Type A device has to be based on Rel-18 as NR SL specification changes would be needed.

	Proposal 6: The LTE module can provide at least to the NR module:
· Its own resource selections;
· Information on non-monitored subframes;
· LTE sensing results.


Proposal 7: For the sake of evaluation of Type A devices for co-channel coexistence, RAN1 will make an assumption on the maximum time between the LTE SL sub-frame where the SCI decoding or RSSI/RSRP measurement takes place until the associated LTE SL sensing information is available at the NR SL module.
Proposal 8: A Type A device will consider the LTE reservations similarly as it considers NR reservations, when doing resource exclusion in terms of priority and RSRP threshold. NR will only exclude the overlapped candidate resources. To avoid the AGC issue, the NR module will have to consider the entire slot as non-preferred, if the slot is not starting at the same time as the LTE subframe.
Proposal 9: For co-channel coexistence, Type B devices should be supported. A Type B device is a Release-18 NR only device which does not have the sensing information shared by the LTE module (if present).

	Proposal 10: A Type B device should support at least one of the following LTE detection or sensing capabilities:
	Capability A: NR SL device capability to detect ongoing LTE transmissions. 
	Capability B1: NR SL device capability to conduct energy-based sensing of LTE transmissions.
	Capability B2: NR SL device can receive LTE PSCCH (incl SCI) signals 
FFS whether to include the measurement of the corresponding PSSCH RSRP.



Proposal 11: A Type B device should be able to discover when a Type A device capable of providing IUC support is nearby.  
Proposal 12: Both IUC Scheme 1 and Scheme 2 should be supported for NR SL Type B devices.
Observation 9: For any co-channel coexistence mode slot and subframe boundary alignment between LTE and NR SL is assumed
Proposal 13: When non-overlapping resource pools are configured for semi-static TDM based co-channel coexistence, DFN/SFN and subframe/slot alignment between NR SL and LTE SL is assumed.
Proposal 14: Type A device should support transmitting NR S-SSB that is based on reception of LTE S-SSB in  co-channel coexistence operation.
Proposal 15: RAN1 should discuss how a Type B NR SL UE can be synchronized with nearby LTE SL UEs and if Type B device should have LTE S-SSB reception and/or transmission capabilities 
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Appendix - List of previous agreements
The topic was discussed during RAN1#110e with the following agreements: 
	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.

Conclusion
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
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.
A. 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:
A. 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.
B. Alt 2: NR SL UEs use a periodically repeating set of PSFCH slots.
· FFS: periodicities of the set.




The topic was discussed during RAN1#109e with the following agreements: 
	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.
o	FFS details on how the NR SL module uses this information.
o	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.
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