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[bookmark: _Ref534820708]Introduction
One of the objectives of the WID about NR sidelink evolution [1] is to:
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
In RAN1#110 [6], the group concluded that 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. Yet, this solution, although feasible, is challenging to deploy and unable to adapt to future traffic changes [8], which also leads to important drawbacks in terms of performance. For these reasons, RAN plenary RAN#97 [7] guides RAN 1 to continue the work on dynamic resource pool sharing based on existing agreements and WID with high priority for Type A devices and operating combination A. In the past RAN1#110b-e meeting, some progress was achieved on possible types of information that the LTE SL module shares with the NR SL module, and on the timeline of such sharing. There was no significant progress on issues such as how to deal with PSFCH overlapping or higher SCS support, although some proposals exist [9].

This contribution discusses the mechanisms for co-channel coexistence between LTE and NR sidelink.

Background and motivation
Rel.16 V2X specified in-device coexistence, where the coexistence aspect is approached from UE perspective. It addressed devices with dual LTE-V2X and NR-V2X chipsets with concurrent operation. To account for different classes of constraints such single power budget, inter-RAT interference, half duplex limitations, several coexistence methods were specified:
· Long term TDM solutions based on static, (pre)configured time-domain partition between LTE and NR resource pools
· Short term TDM solutions where simultaneous transmission on the two RATs, as well as simultaneous transmission on one RAT/reception on the other RAT are prevented by a set of priority-based rules (or by UE implementation when priorities are equal/unavailable). Simultaneous reception on the two RATs is up to UE implementation. 
· Inter-band FDM partition with static power allocation.
These solutions addressed concurrent transmission from UE perspective, while the resource pools of the two RATs remained disjoint. Rel.16 solutions set a framework for coexistence studies, but specifically excluded any form of co-channel coexistence.
Co-channel coexistence studies responds to a clear market need. In its input to the Rel.18 workshop, 5GAA rated the co-channel coexistence studies as a high priority [2]. Since the available ITS frequency spectrum is small, there is a clear need for NR to coexist with LTE. First of all, this enables more efficient spectrum usage and enables NR to access larger spectrum. Second of all, migration from LTE to NR sidelink needs to be considered. When the share of LTE-V2X will decrease, those devices being gradually replaced with NR-V2X UEs, co-channel coexistence opens the way to smooth transition between the two technologies and maximizes deployment flexibility. 
Due to the long lifetime of LTE-V2X UEs, the solutions to be designed should be seamless and backwards compatible for LTE users, who wouldn’t need to have knowledge of the coexistence with NR. Changes to LTE-V2X should be avoided.
With that in mind, two classes of co-channel coexistence can exist:
· TDM resource pool segregation between LTE-V2X and NR-V2X
· Common/overlapping resource pools for LTE-V2X and NR-V2X
In the following, we will separately discuss the two options. 

Discussion
Co-channel coexistence with full or partial resource pool separation between LTE-V2X and NR-V2X
The Rel.16 long term TDM solution based on (semi-)static, (pre)configured time-domain partition between LTE and NR resource pools can be translated to the co-channel coexistence case in a rather straightforward manner. The advantage of such a direct extension is that the specification work is very limited. Since the LTE and NR resources are TDMed, there are no restrictions on numerology or configurations to be used since each RAT uses its own separate resource and Rel.16 framework already handles concurrent operation from UE perspective. In the past RAN1#110 meeting, the group draw the following 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

The static solution has the advantage of simplicity and of very limited specification impact. Yet, the static TDM solution cannot address by itself the needs expressed during Rel.18 package discussions, and which motivated the inclusion of co-channel coexistence work. 
Indeed, once deployed, the TDM solution becomes practically static and is unable to adapt to the traffic changes between the two RATs. Any evolution of the resource pool configuration is submitted to regulatory changes, and even if such changes occur, it is almost impossible to ensure that all vehicles update their configuration in a timely manner. As further discussed in section 4, improper resource pool partitioning between the two RATs severely degrades the system performance. Static TDM partitioning in ITS spectrum cannot respond to the needs of a flexible technology transition path from LTE to NR.
[bookmark: _Hlk118457321][bookmark: _Toc118513829]Observation 1: In ITS spectrum, solutions with static TDM partition between LTE and NR pools are unable to adapt to the traffic changes between the two RATs and cannot respond to the need for a flexible technology transition path from LTE to NR.
[bookmark: _Toc118513830]Observation 2: In ITS spectrum, reconfiguration of static TDM partitions between LTE and NR pools cannot be assumed.
Potential enhancements to the Rel.16 TDM solutions may be further discussed, such as UE to network assistance for better resource pool configuration management (for cases where a network deployment exists). The study of combinations of operation modes B and C can be beneficial to improve the performance of TDM solutions, which may be a more viable options for in-coverage or mixed coverage scenarios. 
To overcome some of the technical challenges raised by a fully dynamic approach, some hybrid solutions assuming partial overlap between NR and LTE resource pools were also proposed (e.g. assume that the PSFCH resources of NR would be in a non-overlapping part of the resource pool). For that to be possible, it is assumed there are some slots that are in the NR resource pool and not in the LTE resource pool, that is, there are some conveniently places “gaps” between physical slots in the LTE resource pool. Yet, as explained in [8], by default, an LTE resource pool is configured to occupy contiguous subframes across time based on the bitmap definition, for the number of subchannels configured in the resource pool. That is, in ITS spectrum, the existence of such conveniently placed gaps cannot be assumed, their existence is up to regulatory changes, that implies the same drawbacks and lack of practical feasibility as the full TDM partition (completely separated resource pools). We need to design solutions capable of dealing with fully overlapped resources (same resource pool) between LTE SL and NR SL and that do not rely on such unrealistic assumptions. 
[bookmark: _Toc118513831]Observation 3: In ITS spectrum, the existence of NR resources TDM-ed with resource pools configured for LTE SL transmission cannot be assumed.
In the unlikely case where such conveniently placed gaps would exist or would be enabled by future regulation changes, it is a (pre)configuration issue to place e.g. the PSFCH slots in the non-overlapping parts and there is no specific design or specified solution that is needed to support this. It is therefore necessary to concentrate on solutions dealing with full resource overlap, that are equally applicable to partial overlap, instead of designing solutions for corner cases of partial overlap, which are not applicable to the more general case of full overlap.
[bookmark: _Toc118513822]Proposal 1: For dynamic resource pool sharing, the design target is the case where LTE-V2X and NR-V2X resource pools are fully overlapped (equivalent to a single resource pool).

On device types
In RAN1#109-e, the following decision was made:
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.
RAN1#110 made the following 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.
While this gives some perspective on how a device type A behaves, the group didn’t manage to define device type B. In RAN1#110b-e, it was moreover agreed that 
For dynamic resource pool sharing, the NR SL module is expected to use the information shared by the LTE SL module to the NR SL module which is known by NR SL module at the latest T ms prior to slot n.
There is so far no limitation or proposed behavior for the case where the LTE information is outdated or absent. Most simulation results presented so far do not take into account the aging of the information provided by the LTE module. We believe that all NR devices allowed to coexist must be aware of the resources being occupied by LTE transmissions. Whether the NR module acquires this knowledge from a collocated LTE module or by other means is of lesser importance. 
Some devices which are not dual module devices (and thus may not qualify as “type A” according to the previous agreements) can equally be supported with a limited (or none) effort on top of what needs to be done for dual module devices. Examples for such devices are NR devices where the NR module is able of detecting the LTE transmission (e.g. blindly, based on RRSI measurements, able of decoding LTE SCI, etc), or where it can obtain sensing information through inter-UE coordination, etc. 
Among the simulation results in section 4, the results produced in a dynamic scenario picture both the case of a Type A ideal device (having instantaneous access to the full sensing results of the LTE module) and of a very basic Type B NR module (with no PHY tunnel from a dual LTE module), who performs RSSI based exclusion on top of the Rel.17 NR sensing. The performance gap between ideal Type A and simplified Type B is already small and can be further closed if we consider more realistic assumptions for Type A behavior.
[bookmark: _Hlk118498015][bookmark: _Toc118513823]Proposal 2: Co-channel coexistence between LTE SL and NR SL is supported for NR devices capable of detecting an LTE SL transmission, including:	
 	-  dual module devices where the NR module uses the sensing and resource reservation information shared by the LTE module (Type A)	
 	- NR devices excluding LTE resources at least based on RSSI measurements (Type B)
 	- FFS other method(s) for the NR module to be aware of resources being occupied by LTE SL.

On higher subcarrier spacing 
In RAN1#110, the following agreement was made:
For co-channel coexistence in Rel-18, dynamic resource pool sharing is studied, with the following constraints:
· NR SL resource pool is configured with 15 kHz SCS.
· FFS support of NR SL resource pool configured with higher SCS, including other solutions to overcome the AGC issue caused by the differing SCSs between the NR SL and LTE SL resource pools
One of the main purposes of co-channel coexistence is to ensure smooth and spectrally efficient transition from LTE to NR V2X. It would be beneficial to have a flexible solution allowing to map any NR traffic into a LTE resource pool, without limitations on the subcarrier spacing. 
Given that 30 kHz SCS is mandatory for Rel-16/17 UEs, 30kHz subcarrier spacing should remain mandatory for Rel.18 UEs also, including in coexistence scenarios. 
Moreover, 60kHz subcarrier spacing has the advantage of easing coexistence with 15kHz LTE transmission, because the PSFCH issue can simply be avoided by proper configuration: NR UEs with 60kHz, if configured with PSFCH every 4 slots, have the PSFCH transmission falling into the guard interval of the LTE transmission and do not cause any PSFCH issue (see Figure 2).
[bookmark: _Toc118513832]Observation 4: NR transmission with SCS 60kHz and PSFCH every 4 slots can be supported without any specification change and without PSFCH issues.
[bookmark: _Toc118513824]Proposal 3: For co-channel coexistence with dynamic resource sharing, support NR SL transmissions with SCS of 15kHz, 30kHz and 60kHz.
In the following, we will discuss separately the AGC issue caused by PSSCH transmission with higher SCS, and the PSFCH issue (which occurs for PSFCH transmissions with 15kHz and 30kHz subcarrier spacings).
Concerning the AGC issues caused by PSSCH transmissions, the following proposal [9] was discussed in RAN1#110b-e without any agreement:

	Proposal 1-5 (V):
· [bookmark: _Hlk118497825]For dynamic resource pool sharing, the following options are studied to resolve the AGC issue in LTE SL UEs if higher SCSs are supported:
· Option 1: Use of multi-slot transmissions or slot aggregation, where the NR SL transmissions of higher SCSs occupy all symbols (across multiple time slots) within a LTE SL subframe of 15 kHz at least when the NR SL transmission overlaps an LTE SL transmission.
· Option 2: NR SL UE transmits LTE SCIs (SCI format 0 or 1), indicating resources reserved by NR SL transmissions, informing the LTE SL UEs about the resource reservations used by NR SL UEs.
· Option 3: NR SL UE uses the information shared by the LTE SL module in its own resource selection procedure to exclude slots overlapping with LTE SL transmissions.
· Other options are not precluded, including combination of more than one option.




Concerning Option 1, multi-slot transmissions or slot aggregation are known tools, already considered for SL-U. From AGC perspective, there is no absolute need to occupy all slots overlapping an LTE transmission: at least the first one should be occupied in order to avoid AGC issues. Nevertheless, occupying all the slots renders NR transmission more visible (RSSI-wise) to LTE sensing, at the expense of increased resource granularity for NR. 
Concerning Option 2, it has the advantage of a fairer resource balance between LTE and NR, and it avoids systematically sacrificing NR transmission in the favour of LTE transmission. It also allows the LTE modules to avoid NR transmissions based on the priority associated to the NR transmission. On the other hand, such signalling implicitly assumes transmission with slot aggregation only. Nevertheless, more details on the implementation of this solution are needed to clarify the feasibility and specification impact, especially to understand:
·  in which time-frequency resources this LTE SCI is transmitted, especially in resource pools where LTE PSSCH and PSCCH are configured contiguous
· how does such a transmission pass the RSRP check made by LTE UEs on LTE PSSCH DMRS
· what is the impact on NR PSSCH/PSCCH design, on NR slots with PSFCH, on TB mapping etc..
Concerning Option 3, the current formulation is rather unclear, but this option does not seem needed.
·  If the intention is to exclude only subchannels occupied by LTE (collision), this is not related to higher SCS or to AGC, and this will be solved regardless of the higher SCS aspect by the resource allocation procedure. 
· If the intention is to exclude all slots overlapping in the time domain with LTE subframes, and arrive at some sort of TDM-like outcome between LTE and NR, this leads to excessive resource exclusion for NR. In the toy example of Figure 1, with this option, all NR transmissions would compete on 25% of the available resource (pink slots) although 75% of the resource is free and could be occupied by NR transmission with Option 1. This type of excessive exclusion seriously impacts the NR performance due to NR resource starvation and should be avoided.
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[bookmark: _Ref118499013]Figure 1: Toy example of NR resource starvation with Option 3

[bookmark: _Toc118513825]Proposal 4: For dynamic resource pool sharing, the following options to resolve the AGC issue in LTE SL UEs if higher SCSs are supported:
· Option 1: Use of multi-slot transmissions or slot aggregation, where the NR SL transmissions of higher SCSs occupies at least the first slot and possibly all slots within a LTE SL subframe of 15 kHz at least when the NR SL transmission overlaps in the time domain with an LTE SL transmission.
· FFS Option 2: NR SL UE transmits LTE SCIs (SCI format 0 or 1), indicating resources reserved by NR SL transmissions, informing the LTE SL UEs about the resource reservations used by NR SL UEs.
· Combination of more than one option is not precluded.

On PSFCH issues
Concerning the AGC issues caused by PSSCH transmissions, the following proposal [9] was discussed in RAN1#110b-e without any agreement:

	Proposal 1-1 (V):
· For dynamic resource pool sharing, in NR SL resource pools with PSFCH configured and when HARQ-ACK is enabled, the NR SL UE avoids PSFCH transmissions in time slots that overlap with subframes used for LTE SL transmissions (Alt 1).
· At least the PSCCH/PSSCH RX UE does not transmit on PSFCH resources that overlap with LTE SL transmissions in the time domain.
· FFS: The PSCCH/PSSCH TX UE avoids selecting resources for PSCCH/PSSCH transmissions with corresponding PSFCH resources that overlap with LTE SL transmissions in the time domain.
· FFS details.
· FFS: NR SL UEs use a periodically repeating set of PSFCH slots (Alt 2).
· Within these periodically repeating slots, the NR SL UE may be optionally (pre-)configured with the following options:
· The PSCCH/PSSCH TX UE avoids selecting resources for PSCCH/PSSCH transmissions with corresponding PSFCH resources that overlap with LTE SL transmissions in the time domain, or
· The PSCCH/PSSCH RX UE does not transmit on PSFCH resources that overlap with LTE SL transmissions in the time domain, or
· Both.
· Determine details including 
· Periodicity of the basic set of PSFCH slots and the location (in time) of PSFCH slots within the basic set.
· FFS: whether/how to handle the case where the RX UE has a PSCCH/PSSCH transmission in the same time slot as a PSFCH transmission, in the overlapping slot with an LTE SL transmission.



Advantages and shortcomings of Alt2
Concerning Alt2, it is clear how using a periodically repeating set of PSFCH slots pushes LTE UEs out of the concerned slot and reduces, up to a certain point, the collisions between PSFCH resources and LTE transmissions. Yet, PRR simulations are not representative of the side effects of such important reduction of the PSFCH occasions.
First of all, having sparse PSFCH occasions has an impact on the latency. 
Second, having such sparse PSFCH occasions seriously reduces either the multiplexing capability or the performance of PSFCH. For a PSSCH transmission with LPSSCH subchannels, there are up to F=LPSSCH*Q*Mset= LPSSCH*Q*M/(N*L) different PSFCH associated resources, and this value was dimensioned for PSFCH occasions occurring at most every N=4 slots. Highly increasing N cannot be compensated without severe penalty on the multiplexing capability F. 
Third, having irregular PSFCH occasions also imposes to re-define in a non-straightforward manner the mapping between PSSCH slots/subchannels and the associated PSFCH resources. The specification impact was not assessed yet, but it doesn’t seem possible to make this kind of remapping with light or limited changes given the variable and large spacing between successive PSFCH occasions.
Concerning the (pre)configuration between Alt1 and Alt2, we do not see this as a viable option. Should Alt2 be accepted despite its shortcomings, it only limits the problem without really solving it: a (smaller) number of LTE UEs would still select subframes including slots with PSFCH, so a complementary means of avoiding the remaining problem is probably beneficial.
[bookmark: _Toc118513833]Observation 5: Alt.2 has several drawbacks including increased latency, penalized PSFCH multiplexing capability, and potentially significant specification impact to re-define the correspondence between PSSCH resources and PSFCH time/frequency/code sets with irregular spacing.

Advantages and shortcomings of Alt1
Concerning Alt1, although we agree with the intention and the formulation of the sub-bullets, there is wording misalignment between the first bullet and the subsequent sub-bullets. This changes the meaning of the agreement in several cases and indirectly prevents using existing NR transmissions with 60kHz SCS, which by nature does not cause any PSFCH issue when configured with PSFCH every 4 slots. In the case of that configuration, although the slot with PSFCH at 60kHz overlaps in the time domain with the LTE subframe, there is no collision between PSFCH resource and LTE transmission.
[bookmark: _Toc118513834]Observation 6: For NR transmission with SCS 60kHz and PSFCH although the slot with PSFCH at 60kHz overlaps in the time domain with the LTE subframe, there is no collision between PSFCH resource and LTE transmission.

From this perspective, further analysis on Alt.1 should start from the following wording:
For dynamic resource pool sharing, in NR SL resource pools with PSFCH configured and when HARQ-ACK is enabled, the NR SL UE avoids PSFCH transmissions in time slots PSFCH resources that overlap with subframes used for LTE SL transmissions in the time domain (Alt 1).

[bookmark: _Toc118513826]Proposal 5: For dynamic resource pool sharing, in NR SL resource pools with PSFCH configured and when HARQ-ACK is enabled, the NR SL UE avoids PSFCH transmissions in PSFCH resources that overlap with LTE SL transmissions in the time domain (Alt 1).
Note that this change of wording is equivalent to the previous one when NR uses e.g. 15kHz for all transmissions, since in this case slot/subframe superposition implies resource collision. 







[bookmark: _Ref118502145]Figure 2 Time alignment of LTE subframe, NR @60kHz slot and NR@15kHz slot

A first proposed way of ensuring that the PSFCH resources do not overlap with LTE SL transmissions is (Alt1-1)
· At least the PSCCH/PSSCH RX UE does not transmit on PSFCH resources that overlap with LTE SL transmissions in the time domain.
This implies that the Rx UE drops PSFCH transmission whenever it detects an LTE transmission, which systematically penalises NR performance if no further condition is applied. 

A second proposed way of ensuring that the PSFCH resources do not overlap with LTE SL transmissions is (Alt1-2)
· FFS: The PSCCH/PSSCH TX UE avoids selecting resources for PSCCH/PSSCH transmissions with corresponding PSFCH resources that overlap with LTE SL transmissions in the time domain.
[bookmark: _Hlk118513554]Again, if applied in an absolute manner with pure and simple exclusion, this systematically penalises NR performance only and may lead to excessive exclusion and NR resource starvation and some further conditions (e.g. exclude only under some RSRP/RSSI and/or priority conditions) may improve the situation

[bookmark: _Toc118513835]Observation 7: Alt.1-1 and Alt1-2 need to apply resource exclusion under limiting conditions (e.g. exclude only under some RSRP/RSSI and/or priority conditions) in order to avoid excessive dropping/resource exclusion and NR resource starving.

Some alternative solution for implementing Alt1
The purpose of Alt 1 is to avoid PSFCH transmissions in resources that overlap with LTE SL transmissions in the time domain. 
Some simple alternative approaches not investigated yet would consist in avoiding the PSFCH issue altogether by confining PSFCH transmission within the guard interval of LTE transmission. Such an approach guarantees that there is no PSFCH issue and that any resource not used by LTE can be freely used by NR. The counterpart is to allow “60kHz-like” PSFCH transmission.
A first possible approach would be to use 60kHz subcarrier spacing for PSFCH transmission regardless of the subcarrier spacing used for PSSCH transmission. There is no extra measure to be taken either at the transmitter or at the receiver side. Guard bands are reduced, but remain within the UE capability, since the UE is already supposed to be able to switch or to gain AGC within the time duration of an OFDM symbol with 60kHz SCS. The specification impact is very limited, since 60kHz transmission is already specified.













Figure 3 – Examples of PSFCH transmission confined, in the time domain, in the guard symbol of LTE transmission

PSFCH symbols can be produced as “natively” 60kHz, which is the most flexible option. Alternatively, this can also be done based on the PSSCH SCS. In implementation, the same result can be obtained by using the same SCS as the PSSCH transmission and applying well known methods such as alternating between used and nulled subcarriers (e.g., an OFDM symbol with 30kHs SCS and where every other subcarrier is nulled is the same as the repetition of two OFDM symbols with 60kHz, among which the first can be used as AGC and the second as PSFCH; an OFDM symbol with 15kHs SCS and where every 4th subcarrier is used is the same as the 4 times repetition of an OFDM symbols with 60kHz, among which two can be discarded/used as guard, and the remaining two can serve as AGC and PSFCH respectively).
Regardless of how the PSFCH transmission is produced in implementation and of which subcarrier spacing is used for PSSCH transmission, there is no PSFCH issue as long as the PSFCH transmission remains confined, in the time domain, within the guard interval of LTE transmission. The specification impact remains very limited, because 60kHz PSFCH transmission is already specified, ant the PSFCH periodicities are equally among the ones already specified. 
[bookmark: _Toc118513827]Proposal 6: To eliminate the PSFCH issue, confine the PSFCH transmission, in the time domain, within the guard symbol of the LTE transmission. 


On combinations of operation modes
In RAN1#109e, the following agreement was made:
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).
RAN plenary guidance encouraged RAN1 to continue the work on dynamic resource pool sharing […] with high priority for Type A devices and operating combination A.
Combinations B and C should be equally considered. With respect to the specification support required by Combination A, support of combinations B and C are likely to require very limited (in the case of Combination C, potentially none) extra work.
[bookmark: _Toc118513828]Proposal 7: For the study of co-channel coexistence solutions in Rel-18, combination of operational modes B and C are also considered.


[bookmark: _Ref115452853][bookmark: _Ref115467734]Performance evaluation of static vs dynamic methods
We investigated the performance of static and dynamic schemes under three different setups. In all setups we used 75 dual RAT UEs (75 active NR modules + 75 active LTE modules) coexisting with 74 LTE-only legacy UEs for each 4km segment of road length. Common simulation parameters are given in the annex. LTE and NR performance are depicted separately for a given setup
In Setup 1, both RATs use the traffic packet model 1 (see simulation assumptions table in the Annex). The two RATs have a similar channel occupancy. The channel model is an idealized LOS model (no shadowing), for illustration purposes.
In Setup 2, LTE modules use the traffic packet model 3 and the NR modules use the traffic packet model 2 (see simulation assumptions table in the Annex). The two RATs have a similar channel occupancy. The channel model is an idealized LOS model (no shadowing), for illustration purposes.
In Setup 3, LTE modules use the traffic packet model 3 and the NR modules use the traffic packet model 2 (see simulation assumptions table in the Annex). The two RATs have a similar channel occupancy. The channel model is the NLOSv from TR 37.885.
Purple curves correspond to a static TDD scenario with resource pool separation having X% of the slots reserved for LTE and the remaining amount reserved for NR.
Yellow curves correspond to a dynamic sharing scenario where the integrality of the resource pools are shared between LTE and NR
· Round markers correspond to a case where coexisting devices are ideal type A devices (NR modules have full seamless access to the LTE sensing results, no latency for the transfer of the sensing info from the LTE to the NR modules)
· Starred markers correspond to a case where coexisting devices are dual mode devices where the NR module, in Rel.16 coexistence mode with the LTE module, does not have access to the sensing results of the LTE module, but performs RRSI to detect interfered/occupied resources. We labelled this as type B on the figures, although it is unclear in the current state of the agreements whether this should qualify as type A or not.
Green curves correspond to a reference case where the same total amount of traffic was generated in the same total amount of resources by a single RAT (non-coexistence equivalent scenario).
Results show the following observations:
[bookmark: _Toc118513836]Observation 8: static TDD has fair performance only when the traffic corresponds to the resource pool splitting. Performance severely degrades when the traffic evolves, which shows the incapacity of static partitioning to adapt to real evolving deployments. 
[bookmark: _Toc118513837]Observation 9: Dynamic solutions constantly achieve a fair tradeoff between the behavior of the two RATs.
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Figure 4: Setup 1: PRR performance, LTE (left) and NR (right)
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Figure 5: Setup 2: PRR performance, LTE (left) and NR (right)
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Figure 6: Setup 3: PRR performance, LTE (left) and NR (right)



Conclusions
The following proposals and observations stand:
Proposal 1: For dynamic resource pool sharing, the design target is the case where LTE-V2X and NR-V2X resource pools are fully overlapped (equivalent to a single resource pool).
Proposal 2: Co-channel coexistence between LTE SL and NR SL is supported for NR devices capable of detecting an LTE SL transmission, including:	  
 -  dual module devices where the NR module uses the sensing and resource reservation information shared by the LTE module (Type A) 	  
 - NR devices excluding LTE resources at least based on RSSI measurements (Type B)  	
 - FFS other method(s) for the NR module to be aware of resources being occupied by LTE SL.
Proposal 3: For co-channel coexistence with dynamic resource sharing, support NR SL transmissions with SCS of 15kHz, 30kHz and 60kHz.
Proposal 4: For dynamic resource pool sharing, the following options to resolve the AGC issue in LTE SL UEs if higher SCSs are supported:
· Option 1: Use of multi-slot transmissions or slot aggregation, where the NR SL transmissions of higher SCSs occupies at least the first slot and possibly all slots within a LTE SL subframe of 15 kHz at least when the NR SL transmission overlaps in the time domain with an LTE SL transmission.
· FFS Option 2: NR SL UE transmits LTE SCIs (SCI format 0 or 1), indicating resources reserved by NR SL transmissions, informing the LTE SL UEs about the resource reservations used by NR SL UEs.
· Combination of more than one option is not precluded.
Proposal 5: For dynamic resource pool sharing, in NR SL resource pools with PSFCH configured and when HARQ-ACK is enabled, the NR SL UE avoids PSFCH transmissions in PSFCH resources that overlap with LTE SL transmissions in the time domain (Alt 1).
Proposal 6: To eliminate the PSFCH issue, confine the PSFCH transmission, in the time domain, within the guard symbol of the LTE transmission.
Proposal 7: For the study of co-channel coexistence solutions in Rel-18, combination of operational modes B and C are also considered.

Observation 1: In ITS spectrum, solutions with static TDM partition between LTE and NR pools are unable to adapt to the traffic changes between the two RATs and cannot respond to the need for a flexible technology transition path from LTE to NR.
Observation 2: In ITS spectrum, reconfiguration of static TDM partitions between LTE and NR pools cannot be assumed.
Observation 3: In ITS spectrum, the existence of NR resources TDM-ed with resource pools configured for LTE SL transmission cannot be assumed.
Observation 4: NR transmission with SCS 60kHz and PSFCH every 4 slots can be supported without any specification change and without PSFCH issues.
Observation 5: Alt.2 has several drawbacks including increased latency, penalized PSFCH multiplexing capability, and potentially significant specification impact to re-define the correspondence between PSSCH resources and PSFCH time/frequency/code sets with irregular spacing.
Observation 6: For NR transmission with SCS 60kHz and PSFCH although the slot with PSFCH at 60kHz overlaps in the time domain with the LTE subframe, there is no collision between PSFCH resource and LTE transmission.
Observation 7: Alt.1-1 and Alt1-2 need to be apply resource exclusion under limiting conditions (e.g. exclude only under some RSRP/RSSI and/or priority conditions) in order to avoid excessive dropping/resource exclusion and NR resource starving.
Observation 8: static TDD has fair performance only when the traffic corresponds to the resource pool splitting. Performance severely degrades when the traffic evolves, which shows the incapacity of static partitioning to adapt to real evolving deployments.
Observation 9: Dynamic solutions constantly achieve a fair tradeoff between the behavior of the two RATs.


Annex: Simulation parameters
The following simulation parameters were used in section 4

	BW
	20MHz

	SCS
	15kHz

	Channel
	Ideal LOS (no shadowing) with 6dBm transmit power, or
LOS/NLOSv (from TR 37.885) with 23dBm transmit power

	Antenna gain
	Gt=Gr=3dB

	UE drop and mobility modeling
	Highway, 6 lanes with wraparound
Option A with 140 km/h and T=4

	Traffic model
	Periodic, RRI={20, 50, 100}ms
Priority=1
Latency = RRI
2 blind transmissions
Probability of reselection = 0.2.
Packet size: 
1. @RRI=100ms:1200/800bytes 
2. @RRI=50ms: 1200/800 bytes 
3. @RRI=100ms: 300/190 bytes

	MCS
	1 TB/slot/subchannel:
· 16QAM 5/6 with 1200 bytes
· 16QAM 3/4 with 800 bytes
· QPSK 1/2 for 300 bytes
· QPSK1/3 for 190 bytes.

	RAT number and density 
	56 RATs per km, i.e. 18.75 NR RAT/km and 37.25 LTE RAT/km)
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