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Introduction
[bookmark: _Hlk525462591]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.


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 RAN Meeting #98e, 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 objective on sidelink co-channel coexistence was last revised in RAN1#97-e, where a note was added 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). The last change was confirmed in RAN1#98-e (i.e. not changed). As we understand, this would not preclude Type B devices or other operating modes. 
In this contribution, we discuss the following aspects:
· Challenges related to dynamic co-channel coexistence 
· How to support PSFCH 
· How to support NR with higher numerologies
· Type A device behaviour to support dynamic co-channel coexistence
· How and whether to support Type B devices along with Type C devices
· Whether to further study semi-static co-channel coexistence.
· How to ensure proper synchronization between LTE and NR SL devices when operating in a shared carrier
· Which resource allocation modes to consider for co-channel coexistence.

[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634] 
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 this section we will discuss how NR may support PSFCH and higher numerologies for dynamic co-channel coexistence.
NR using PSFCH
A key feature of NR SL is the support of HARQ in unicast and groupcast transmissions and is essential for NR to be able to deliver advanced V2X services. 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 configured with PSFCH. However, while HARQ will improve NR SL resource usage (by reducing the need for blind retransmissions) the use of PSFCH is another cause of LTE Rx AGC issue when the PSFCH overlaps with an LTE transmission as depicted in Figure 1 and in Figure 4.b. 
In RAN1#111 the following proposal was discussed, but not agreed on how to support PSFCH for dynamic co-channel coexistence:
	Proposal 1-1(VII):
· For dynamic resource pool sharing, in NR SL resource pools with PSFCH configured and when HARQ-ACK is enabled, based on (pre-)configuration, when PSFCH resources overlap with resources to be used for LTE SL transmissions in the time domain, the NR SL UE
· Always avoids transmissions on the PSFCH resources (Alt 1), or
· FFS details including whether the TX UE avoid selecting resources for PSCCH/PSSCH transmissions with the overlapping PSFCH resources and/or RX UE does not transmit on the overlapping PSFCH resources.
· Does not avoid transmission on the PSFCH resources (Alt 2), or
· Conditionally avoids transmissions on a subset of the PSFCH resources.
· FFS details of conditions including 
· a (pre-)configured subset,
· the consideration of the LTE RSRP and LTE and/or NR priority,
· presence of PSCCH/PSSCH transmission in the same time slot LTE subframe as PSFCH transmission with the same power by the same UE.
· FFS for the case when there is an overlapping of time and frequency resources between PSFCH and LTE SL transmission
· Introduce additional PSFCH periodicity of [5, 8 and] 10.
· Note: Alignment between PSFCH periodicity and LTE logical subframes should be ensured by proper configuration.
· FFS: Whether to confine the PSFCH transmission, in the time domain, within the guard symbol of the LTE SL subframe.
· FFS details including the conditions.



Compared with the non-agreed proposal from RAN1#110e-bis the non-agreed proposal from RAN1#111 merge two alternatives, namely exclusion based: Alt. 1, where the NR SL Rx UE and/or the NR SL Tx UE excludes slots to prevent the AGC issue, and Alt. 2, where NR SL UEs may transmit PSFCH in preconfigured slots under the assumption that LTE will exclude the NR preconfigured slots with PSFCH through its RSSI ranking and therefore avoid the AGC issue. 
The underlying assumption of Alt. 2 that LTE SL UEs will exclude the candidate resources that overlaps the NR slots where NR may transmit PSFCH. The discussion on the suitable techniques to support PSFCH have to also consider whether the underlying assumption for Alt. 2 holds (and can be validated if needed). 
Alt. 2 has been proposed originally in R1-2212119 and its operation may be summarized as follows:
1) NR is configured with a basic resource set within the TX resource pool, which consists of a subset NR slots with PSFCH.
2) The size of the basic resource set, depends on the LTE load (measured over a period longer than the LTE sensing window (e.g. 10s as proposed in R1- 2212119). For high LTE load, NR will use a smaller basic resource set, and for low LTE load, NR will use a larger basic resource set. 
3) NR therefore concentrates its transmissions in the basic resource set in slots with PSFCH, with the intention of increasing the energy on those sub-channels such that LTE will measure an increased S-RSSI and exclude those subchannels in its resource selection procedure.
The scheme comes with a multitude of challenges which also challenges the assumption that LTE will exclude candidate resources in subchannels that overlap the NR slots with PSFCH in the basic resource set:
1. There is no guarantee that NR will generate sufficient energy on the channel such that LTE will measure a sufficiently high S-RSSI to exclude the subchannels overlapping the NR slots with PSFCH in the basic resource set. A supporting illustration is provided in Figure 1 for the LTE RSSI calculation.
a. This is in particular challenging for low NR load, as the activity from NR SL UEs is limited. This is even worse for a low LTE load as well, as that would enlarge the basic NR resource set, but can also be an issue for high LTE loads. 
b. For LTE to exclude the candidate resources in LTE subframes that are overlapping the NR basic resource set, implies that:
i. The candidate resources in LTE subframes that are overlapping an NR slot in the NR basic resource set, have an S-RSSI that is higher than the S-RSSI of  other candidate resources to not be considered a candidate resource by the MAC layer. 
ii. LTE has more than  available in set SA, otherwise RSSI ranking is not conducted.
c. The NR contribution to an LTE S-RSSI is further challenged if there is only an NR UE transmission PSFCH as the S-RSSI is further an average of the values acquired within a subframe.
2. AGC issue to listening LTE SL UEs if it is not the same NR SL UE transmitting PSSCH/PSCCH and PSFCH in the NR Tx slot. To avoid this, it must be the same UE transmitting PSSCH/PSCCH and PSFCH in a particular slot.
3. Significant increase in NR latency for high LTE load. With longer duration between each transmission opportunity, the latency of the NR transmission will increase. This applies particularly for aperiodic NR traffic.
4. A long window used to determine the LTE load (e.g. 10s) will limit the NR ability to adapt to changing traffic conditions, e.g. particular impactful with bursty traffic or when the LTE load change.
5. A non-negligible issue is how to ensure an alignment of NR reserved slots and LTE reserved subframes in such a way that it is ensured that the periodicity of the selected NR slots with PSFCH in the basic resource set, is aligned with the LTE subframe numbers and hence appears periodic to LTE. If this is not achieved, what seem to be periodic to NR, might not be sensed as periodic to LTE. This is even more challenging when we remember that this needs to hold for all possible NR basic resource sets (and for all LTE loads) and also if NR operates at higher SCS which we consider an essential NR feature also for sidelink coexistence with LTE.
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[bookmark: _Ref126845749]Figure 1. Illustration of LTE S-RSSI measurements on LTE subchannels both overlapping (N-Tx) NR slots with PSFCH in the basic resource set contrary with subchannels not overlapping ((n+1)-Tx) NR slots with PSFCH in the basic resource set. Colors illustrate example resource reservations from NR and LTE SL devices respectively.
It is our clear judgement that this is not feasible for NR SL UE to transmit PSFCH unconditionally without a severe risk of causing AGC issues to the LTE SL Rx UEs, based on the discussion and list of issues related to the underlying assumption that it is ensured that LTE SL will exclude the overlapped candidate resources.
[bookmark: Obs55559][bookmark: Obs89597]Observation 1: Alt. 2 for PSFCH support with dynamic co-channel coexistence, where the NR Tx UE unconditionally may transmit PSFCH, cannot work without the underlying resource selection constraints; i.e. An NR UE may only transmit in a basic resource set consisting of a sub-set of NR PSFCH slots, which are configured within the NR TX resource pool. 
[bookmark: Obs55560][bookmark: Obs89598]Observation 2: The assumption that it is feasible for NR to transmit PSFCH in NR slots that are a part of a subset of NR slots with PSFCH is in the NR resource set, completely unconditionally and without risk of causing AGC issues to LTE, is not realistic. 
Alt. 1 is illustrated in Figure 2 both without Tx UE involvement (2.a) and with Tx UE involvement (2.b). In Alt. 1 it is clear that at least the Rx UE will need to make the final decision on whether the PSFCH transmission should occur or not, as it is the only device which can timely detect whether there is an ongoing LTE transmission in the subframe and therefore it can catch the cases where the LTE subframe is reserved but is not used, or it is an initial LTE transmission. Such detection can be based on detecting the presence of LTE PSSCH and/or on the presence of a transmission ongoing during an NR guard symbol. Despite being able to avoid an unnecessary retransmission, the benefits of the Tx UE involvement can be small compared to the needed standardization effort and might further not always be feasible for the NR SL Tx UE to prevent selecting a candidate resource that overlaps a reserved LTE resource (e.g. if it does not have sufficient candidate resources). It is then our judgement that the benefits of NR SL Tx UE exclusion is limited compared to the NR SL Rx UE discarding of PSFCH. 
A dropped PSFCH also means that no information on the success of the PSSCH transmission is carried from the Rx to the Tx UE, which for the cases with ACK/NACK based feedback, will result in a retransmission (if the PDB allows). However, for groupcast HARQ feedback option 1 (i.e. NACK-only option) the transmitter will have to assume ACK when there is no explicitly received NACK. When the reason for not transmitting PSFCH is due to overlapping LTE transmission, 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 transmission maps to a PSFCH in a slot that overlaps a LTE transmission, 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: Proposal50715][bookmark: Proposal80437]Proposal 1: RAN1 to adopt Alt. 1 for PSFCH support with dynamic co-channel coexistence where the NR SL Rx UE will decide whether or not to transmit PSFCH if it detects an LTE transmission in the NR slot with PSFCH. For unicast and groupcast HARQ feedback option 2, no special handling is needed for a dropped PSFCH. FFS how to handle a dropped PSFCH for groupcast HARQ feedback option 1 (i.e. NACK-only feedback).
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[bookmark: _Ref117590184]Figure 2. Illustration of Alt. 1 with and without Tx UE avoidance of PSFCH overlapping an LTE subframe. Assuming PSFCH periodicity of 4 slots.
An alternative solution which has not yet been discussed in RAN1 is to change the NR slot format to a format that allows both NR PSSCH/PSCCH and PSFCH transmissions without the risk of causing an AGC issue to LTE SL Rx UEs
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[bookmark: _Ref107390692]Figure 3. 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.

The alternative slot formats for slots containing PSFCH are illustrated in Figure 3. 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.
[bookmark: _Hlk117596567]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: Proposal4972][bookmark: Proposal37951][bookmark: Proposal57335][bookmark: Proposal50716][bookmark: Proposal80438]Proposal 2: RAN1 to study a new slot format as an alternative solution for avoiding AGC issue for dynamic co-channel coexistence with PSFCH support. The new slot format will introduce an additional AGC symbol in symbol 0 which is used by UEs intending to transmit either PSSCH/PSCCH and/or PSFCH during the slot.
We would further like to note that solutions for a similar problem are currently being discussed in SL-U, where the issue is when LBT failure causes the PSFCH to not be transmitted. However, compared to the problem we address here for dynamic co-channel coexistence, we might have some a priori information that a PSFCH might be dropped, and that is not feasible in SL-U, hence solutions from SL-U are mainly oriented towards the Rx UE. The following agreement was made in RAN1#111 on the matter:

	Agreement
To address PSFCH transmission dropping due to LBT failure, RAN1 down-select one of followings, or support the combination of followings:
· Alt 1: Support more than 1 PSFCH occasion per PSCCH/PSSCH transmission
· FFS other details, e.g., HARQ-ACK timeline
· Alt 2: PSFCH occasions are dynamically indicated
· FFS: Whether/how to handle the case where some TB’s corresponding PSFCH cannot be transmitted within the same or different COT
· FFS other details, e.g., dynamically indicate one or more PSFCH transmission(s), container of the indication, etc.
· FFS: Whether such PSFCH occasions are within the same or different COT of corresponding PSSCH
· FFS: Whether/how to address PSFCH collision if any
· FFS: Whether/how to handle the linearly decreased PSFCH capacity



The solutions discussed there can be considered as a further enhancement for dynamic co-channel coexistence, but we cannot afford to wait for a decision to be made in SL-U, so we should continue discussion here. 
[bookmark: Obs71637][bookmark: Obs54102][bookmark: Obs34903][bookmark: Obs55561][bookmark: Obs89599]Observation 3: Solutions developed for how to handle a PSFCH being dropped by LBT failure in SL-U, can potentially also be used as a complementary solution for PSFCH support with dynamic co-channel coexistence.
Another important aspect to raise is that some companies have also proposed to adapt a TDM or FDM approach for PSFCH, e.g. by excluding NR slots configured for PSFCH from the LTE RP. In our view, such approaches are not dynamic in nature and face all of the same issues as semi-static resource pool sharing. For those reasons, such proposals do not belong in the discussion of how to support PSFCH for dynamic resource pool sharing. 

[bookmark: Obs71638][bookmark: Proposal37953][bookmark: Obs54103][bookmark: Proposal57337][bookmark: Proposal50717][bookmark: Proposal80439]Proposal 3: Solutions involving TDM or FDM of PSFCH resources and LTE resources should not be considered solutions for dynamic resource pool sharing.
NR SL using a numerology with higher SCS than LTE
This issue was discussed in RAN1#111e, but did not result in an agreement. The latest, not agreed proposal on higher SCS is given with Proposal 1-5 (II) from the FL summary:
	Proposal 1-5 (II):
· For dynamic resource pool sharing, the following options are studied to resolve the AGC issue in LTE SL UEs which is caused by NR SL PSCCH/PSSCH transmissions if higher SCSs are supported:
· Option 1: The NR SL transmissions of higher SCSs are transmitted on all slots within a LTE SL subframe of 15 kHz 
· FFS: Whether this takes place in all slots configured within the LTE SL resource pool or only when the NR SL transmission overlaps an LTE SL transmission based on information shared by the LTE SL module.
· 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.
· FFS: Exclude only those slots where the first symbol of the NR SL transmission is not overlapping in time with the first symbol of the LTE subframe.
· Note: This study does not imply RAN1 supporting higher SCS


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 15 kHz SCS. It is therefore also assumed that when SL-CA will be standardized, some carriers will use 30 kHz 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 15 kHz SCS, that would mean that a device will have to support CA with mixed numerologies (e.g. 15 and 30 kHz 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: Obs89600]Observation 4: Restricting NR SL using dynamic co-channel coexistence with LTE SL to 15 kHz SCS have at least the following drawbacks:
· Complicate the NR SL CA design when aggregating the shared ITS carrier with another NR carrier where 30 kHz SCS has to be used for compatibility with legacy NR SL devices.
· Forced to use a non-ideal SCS to cope with the Doppler frequency shifts experienced in V2X scenarios.
· Increased latency (than what is otherwise necessary)


[bookmark: Proposal50718][bookmark: Proposal80440]Proposal 4: NR SL shall support SCS higher than 15 kHz for dynamic co-channel coexistence with LTE SL.
When NR SL applies e.g. 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 LTE SL Rx UE will face an AGC issue caused by NR SL in the following settings: 
	The NR transmissions in the first and second slots are from different NR UEs (as depicted in Figure 4.a); 
	The NR transmission occurs only in the second slot (as depicted in Figure 4.b);
In both cases, the LTE SL 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. It should be noted as well that the case where the NR SL Tx UE only transmits during the first NR slot, may also result in an LTE ADC gain that is slightly too low in the second slot, compared to if the LTE SL module could retune its ADC gain for the second part of the subframe. This type of AGC impact might cause an increased quantization noise, but it is not expected to be nearly as impactful as saturation which may happen in the case where the NR SL Tx UE starts transmitting later than the first symbol of the LTE subframe. It should also be noted, as discussed related to PSFCH support, that the AGC issue may also occur when an NR SL Tx UE0 transmits PSSCH/PSCCH in the first slot, and a NR SL Tx UE1 transmits PSFCH and/or PSSCH/PSCCH in the second slot.


	[bookmark: Obs89601]Observation 5: NR Tx UE may cause AGC issues to LTE Rx UE in the following two cases:
· NR Tx starts a transmission later than the first symbol of an LTE subframe might cause ADC saturation at the LTE Rx UE.
· Different NR Tx UEs transmits during the LTE subframe might also cause ADC saturation at the LTE Rx UE. 



[image: ]
[bookmark: _Ref126236046]Figure 4. 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.
Option 1. Multi-slot transmission. In this option an NR UE will have the possibility to transmit in consecutive slots that are overlapping an LTE subframe and in this way avoid causing an AGC issue to an LTE SL Rx UE when NR is constrained to not increase its transmit power during its multi-slot transmission. Following the example illustrated in Figure 4 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. A drawback of Option 1 is that it introduces transmission latency compared to the alternative of occupying more frequency resources and an increase in latency might not always be tolerable (i.e. if the PDB is before the end of the LTE subframe). Further, Option 1 can also introduce overhead/redundant coded bits, if the TB is too  small. It has been raised by several companies during RAN1#110e-bis and RAN1#111 that the complexity of Option 1 too large compared to the benefit it provides, however, from our point of view, Option 1 can be fairly straight forward to specify, if we do not allow any changes to the SCI. 
Option 3. Exclusion of NR slots overlapping an LTE subframe. In this option the NR module would exclude NR slots based on their overlap with a reserved LTE subframe. It is our understanding that the AGC issue for an LTE Rx UE, is only critical when the NR module starts a transmission after the LTE Rx UE has conducted AGC (in the first symbol). That means that NR only needs to exclude NR slots which overlap an LTE subframe and whose start symbol is not aligned with the start symbol of the reserved LTE subframe. The drawback of Option 3 is that if it is applied on all LTE subframes, it will result in a significant NR SL capacity reduction, whereas if this is only applied on reserved LTE subframes, it will not catch the cases where an LTE transmission is not reserved. Another drawback is that the AGC setting at the LTE Rx UE will still be suboptimal when NR is only transmitting during the first slot (and not slots starting after the first symbol of the LTE subframe). 
An illustration of Option 1 and Option 3 when NR use 60kHz SCS can be found in Figure 5. The illustration is for 10 LTE subframes and 40 NR slots and the LTE and NR subchannels are of equal size and aligned in frequency. The illustration highlights the differences of Option 1 and Option 3, as Option 1 may provide the option for the NR SL modules to select all resources (that are not occupied by LTE), contrary Option 3 which only can select the first slots that overlap and LTE subframe. Drawbacks are that Option 1 forces the NR SL device to transmit in all four slots while Option 3 forces the NR SL UE to exclude 75% of all NR resources, which is a huge drawback for the NR SL capacity. Clearly, neither Option 1 or Option 3 are perfect on their own.
[bookmark: Obs55564][bookmark: Obs89602]Observation 6: While Option 1 allows NR to use all NR slots that overlap an LTE subframe, it also forces the NR SL module to transmit in all NR slots that overlap an LTE subframe. Option 3, with the wording from RAN1#111, forces NR to exclude slots that are not starting at the same time as the LTE subframe and hence causes a significant capacity degradation. 
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[bookmark: _Ref126238724]Figure 5. Example of Option 1 (left) and Option 3 (right) with LTE allocations (dark grey) and NR allocations (green), when NR use 60kHz SCS. The framed NR resources represents an option to acquire 4 subchannels or 4 slots.
Instead of considering Option 1 and Option 3 as competing solutions, they should be considered together as a joint option. It is our proposal that a combined option of Option 1 and Option 3 should allow the NR SL Tx UE to select the needed number of subchannels and NR slots, as long that the selected resources contains an NR slots which start is aligned with the LTE subframe, if the NR SL UE expects an LTE transmission to be present in the subframe. One way to achieve that is to update the FFS bullet in Option 3: 
	· 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.
· FFS: Exclude only candidate resources those slots where the first symbol of the NR SL transmission is not overlapping in time with the first symbol of the LTE subframe. Candidate resources are not constrained to be single-slot.



[bookmark: Proposal50719][bookmark: Proposal80441]Proposal 5: For NR using a higher numerology than LTE, support an updated Option 3: NR SL UE uses the information shared by the LTE SL module in its own resource selection procedure to exclude only candidate resources where the first symbol of the NR SL transmission is not overlapping in time with the first symbol of the LTE subframe. A candidate resource may not be constrained in a single-slot.

How Type A devices can support dynamic co-channel coexistence
The updated WID [1], states that this objective on sidelink co-channel coexistence shall focus on so-called Type A devices, which is a 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. 
There are still issues to be discussed on Type A devices such as how the module will use the information received from LTE, in its resource selection procedure, as well as what information is needed to be exchanged and finally, what timeline can be expected for the information exchanged from LTE to the NR module.
Type A resource selection procedure
In RAN1#111 the following agreement was reached regarding the options on how the NR module in a Type A device use the information shared from the LTE module.
	Agreement
For dynamic resource pool sharing, the NR SL module uses the candidate information shared by the LTE SL module to the NR SL module, where
· The NR SL module excludes resources based on the shared information from its own candidate resource set when performing the resource (re)selection procedure in the PHY layer.
· FFS how to exclude resources at least based on the time and frequency locations of LTE SL transmissions that have been indicated in the shared candidate information.
· FFS how the exclusion is performed according to clause 8.1.4 of TS 38.214.
· FFS: whether/how NR SL module excludes resources not belonging to the generated LTE SL’s candidate resource set SB from its own candidate resource set.



It is our proposal that the resource selection procedure in clause 8.1.4 of TS 38.214 will have to be updated to specify how the NR module use the information received form the LTE module, including how it handles non-monitored LTE subframes, as well as how it handles the case when LTE use 15kHz SCS. The modification to handle different SCS as discussed earlier, should allow NR allocations as illustrated in red and green in Figure 6. Two examples of this are provided in Figure 6 of an NR SL UE that needs 4 subchannels (red resources) may select 4 slots and 1 subchannel, or 2 slots and 2 subchannels or 4 subchannels in the first slot of the slots that overlap the LTE subframe. In the second example (green resources), the NR module selects either 1, 2, 3 or 4 slots, and all are valid as they include the first slot that overlaps the LTE subframe. 
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[bookmark: _Ref126240010]Figure 6. Examples of Option 1 + Option 3, where an NR SL UE may select resources across NR slots without causing an AGC issue to LTE. Here NR use 60 kHz SCS.

This can be realized by allowing the NR resource selection procedure in 8.1.4 to select resources across slots, hence it needs to initialize a larger set of candidate resources which may span multiple slots. A candidate resource is valid when it complies with the constraint that the first NR slot in the candidate resource has a start boundary that is aligned with the start boundary of the LTE subframe. 
Two options for how to handle non-monitored LTE subframes can be considered. The first option is to basically ignore that the subframe was not monitored, which would mean that NR does not account for any feasible SCIs being transmitted in those subframes by the LTE module. That option would increase the risk of collisions for reserved LTE resources. The second option is to do an exclusion of candidate resources that would overlap resources that hypothetically could be indicated by an LTE SCI transmitted in the non-monitored subframe. This is the more LTE friendly behaviour, but might also lead to extensive resource exclusion. For that reason, this second option should be accompanied with a step to reintroduce the excluded resources, if the amount of candidate resources after excluding resources due to non-monitored subframes.
The exclusion procedure of candidate resources that overlap with a resource reservation indicated with an NR or LTE SCI can be reused as it is, but both LTE and NR SCI formats would need to be present in the procedure. This can almost be a drag-n-drop from the LTE resource selection procedure into the NR resource selection procedure.
The last step of the LTE resource selection procedure is an RSSI ranking of the remaining candidate resources based on the target higher layer periodicity. In the NR resource selection procedure that use the information provided by the LTE module, an RSSI ranking can help the NR module to select more “LTE friendly” candidate resource, by still attempting to detect periodic transmission patterns that are not revealed by the received SCIs from the LTE module. It is our proposal that the NR resource selection procedure should include this aspect as well, but it should be studied how to best do so. 
Combining the discussion above on NR using higher SCS than LTE, handling non-monitored LTE candidate resources, resource exclusion from received LTE SCI, one feasible NR resource selection procedure for LTE and NR dynamic co-channel coexistence is provided in Figure 7.
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[bookmark: _Ref126326072]Figure 7. An example the NR resource selection procedure in 8.1.4 updated to use information from the LTE module. Introduced parts from LTE are highlighted in red.
And in summary we have the following proposal of the NR resource selection procedure using the information from the LTE module, in a Type-A device for dynamic co-channel coexistence.
	[bookmark: Proposal80442]Proposal 6: The NR SL Type A device will adapt a resource selection procedure which uses the information provided by the LTE module. The procedure will have the following changes compared to the procedure described in TS 38.214 Clause 8.1.4:
· The initial candidate set is initialized with multi-slot candidate resources (when NR use a higher SCS than LTE and the NR RP overlaps the LTE RP in the time domain)
· Resources that could hypothetically be indicated by an LTE SCI in a non-monitored subframes are excluded unless the resulting candidate resources is below a threshold. 
· If NR uses a higher SCS than LTE: Candidate resources which do not have an earliest NR slot that is aligned with the start of the LTE subframe are excluded.
· Candidate resources indicated by an LTE SCI are excluded.
· FFS: RSSI ranking of the remaining candidate resources.



Following this proposal, we can also deduct the needed information from the LTE module, which is time and frequency location of reserved allocations, priority of the reserved allocations and the LTE SL own transmissions (in SCI format or alike), associated RSRP measurements, time and frequency location of the resources used for the LTE SL own transmissions (in SCI format or alike), information on non-monitored subframes and lastly SL RSSI measurements.
[bookmark: Proposal50721][bookmark: Proposal80443]Proposal 7: The LTE module can provide at least the following information to the NR module:
· Time and frequency location of reserved allocation
· Priority of the reserved allocations and its own LTE SL transmissions
· Associated RSRP measurement
· Time and frequency location of resources used for its own LTE SL transmissions
· Information on non-monitored subframes
· SL RSSI measurements
The strict condition of the candidate resource start being aligned with an LTE subframe is in principle only needed when there is an LTE transmission in that subframe, and hence it can be discussed if NR should have more flexibility when it detects that LTE is not using the subframe. Such flexibility could be to initiate a transmission in an NR slot that is not aligned with the LTE subframe start. The essential issue with that is how NR can be certain that LTE is not using the subframe and does not risk causing an AGC issue to a potential listening LTE device. One option is that NR will determine LTE presence by its received LTE reservations from the LTE module, but that option will not be able to capture initial LTE transmissions. A second option is to rely entirely on the RP configuration overlap, i.e. NR always assumes that LTE is always present in any LTE subframe. This is a conservative option but will not cause an AGC issue to a listening LTE device, even for receiving an initial LTE transmission. A third option is that the NR device measures and detects the presence of LTE PSCCH in symbol 0 in the first slot as discussed earlier and based on that detects whether LTE is using the subframe or not. This is the most accurate approach but will depend on UE capabilities and detection uncertainties. 
[bookmark: Proposal50722][bookmark: Proposal80444]Proposal 8: The constraint of NR to only initiate a transmission in an NR slot that overlaps an LTE subframe in an NR slot which start boundary is aligned with the LTE subframe start boundary, could be relaxed when NR can detect that LTE is not using the LTE subframe. FFS how to detect that LTE is not using a particular LTE subframe.
Finally, we note that the AGC issue with PSFCH does not impact the NR resource selection procedure when the issue is addressed by the Rx UE detecting the presence of LTE prior to transmission of PSFCH and dropping the PSFCH transmission is an LTE transmission is ongoing.
Timeline for data exchange between LTE and NR module
The timeline discussion on information from LTE to the NR module has agreements from both RAN1#110e-bis and RAN1#111 and are provided below.
	Agreement
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 (as defined in clause 8.1.4 of TS 38.214), to determine a set of resources for its own (re)transmission.
· T is defined using 
· T≤Tmax ms, and is based on UE implementation, according to the Rel-16 NR SL timeline for in-device coexistence.
· FFS: Value of Tmax
· FFS: any discussion on the earliest information, if needed

Agreement
Based on the agreement in RAN1#110bis-e, the value of Tmax = 4 ms.



The NR module will have to take into account information from the LTE module, and therefore it is important that the information from the LTE module is not significantly delayed in the process of being processed at the LTE module, delivered over some interface to the NR module and in the end processed at the NR module. A simplified time representation of the LTE information acquisition, and then delivery to the NR module is provided in Figure 8. Upon sensing, at some point the LTE module processes the sensing results for transmission, then the information is transmitted and processed at the NR module. At the NR module the information is then available at slot n and used in the resource selection procedure. The agreement above states that “the information shared by the LTE module is known by the NR SL module at least T ms prior to slot n”, and T is bounded by Tmax which is 4 ms. In principle, the current definition of T might only capture the NR processing time, in other words the agreement imposes an upper bound only on the NR processing time , but there is currently no bound or assumption on the other components of the overall processing delay, namely LTE processing time  and time taken to transfer the information from LTE SL module to the NR SL module, .
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[bookmark: _Ref126742800]Figure 8. Illustration of a the time delays expected for exchange of LTE information from an LTE module to the NR module.

This timeline is important, as the assumptions made on the timeline affects the performance of the NR and LTE co-channel coexistence performance. For example, NR will not be able to account for the LTE sensing information in the time gap from the LTE sensing window till the NR timeslot n () so the larger this is, the large risk of NR colliding with an LTE transmission due to selecting resources based on “old” information. While we cannot put a timing constraint on the information delivered from the LTE module to the NR module, companies providing evaluations with a Type A module can at least inform what assumptions they make on the timeline, in particular ,  and .
There is also an open FFS on what is the earliest information that can be shared from the LTE module to the NR module. It is our proposal that the LTE module will exchange information from the entire LTE sensing window, hence the earliest information shared from the LTE module to the NR module is given by .
[bookmark: Proposal80445][bookmark: Proposal4976][bookmark: Proposal37956][bookmark: Proposal57340][bookmark: Proposal50723]Proposal 9: Companies evaluating with a Type-A device is to report their assumptions of LTE to NR information timeline (e.g. delay of LTE processing of the sensing information (,), transfer delay to the NR module ( and delay of NR processing the received information ()). 
[bookmark: Proposal80446]Proposal 10: The earliest time for information delivered from the LTE module to the NR module accounting for the full LTE sensing window (e.g. the full LTE sensing window (), the delay of LTE processing of the sensing information (,), the transfer delay to the NR module ( and delay of NR processing the received information ().

How Type B devices can support dynamic co-channel coexistence
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: Proposal4977][bookmark: Proposal37957][bookmark: Proposal57341][bookmark: Proposal50724][bookmark: Proposal80447]Proposal 11: 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: Proposal37958][bookmark: Proposal57342][bookmark: Proposal80448]Proposal 12: 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: Proposal4979][bookmark: Proposal37959][bookmark: Proposal57343][bookmark: Proposal50726][bookmark: Proposal80449]Proposal 13: 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: Proposal4980][bookmark: Proposal37960][bookmark: Proposal57344][bookmark: Proposal50727][bookmark: Proposal80450]Proposal 14: Both IUC Scheme 1 and Scheme 2 should be supported for NR SL Type B devices.
We note that 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. 

On semi-static 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.


And in RAN1#110e we reached the following conclusion on TDM based co-channel coexistence:
	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 use of semi-static TDM to enable co-channel coexistence between LTE SL and NR SL 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, 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, 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 as also discussed for dynamic co-channel coexistence. 
[bookmark: Obs71642][bookmark: Obs54107][bookmark: Obs34907][bookmark: Obs55565][bookmark: Obs89603]Observation 7: 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.
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: Proposal4981][bookmark: Proposal37961][bookmark: Proposal57345][bookmark: Proposal50728][bookmark: Proposal80451]Proposal 15: RAN1 does not further discuss an FDM semi-static approach to co-channel coexistence as a TDM approach is already agreed to be feasible. 

Synchronization between NR and LTE
Semi-static FDM-based and dynamic co-channel coexistence modes 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, 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: Obs71643][bookmark: Obs54108][bookmark: Obs34908][bookmark: Obs55566][bookmark: Obs89604]Observation 8: 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: Proposal4982][bookmark: Proposal37962][bookmark: Proposal57346][bookmark: Proposal50729][bookmark: Proposal80452]Proposal 16: 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: Proposal4983][bookmark: Proposal37963][bookmark: Proposal57347][bookmark: Proposal50730][bookmark: Proposal80453]Proposal 17: 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. 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: Proposal4984][bookmark: Proposal37964][bookmark: Proposal57348][bookmark: Proposal50731][bookmark: Proposal80454]Proposal 18: 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. 


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 (Mode 2 NR SL with Mode 4 LTE SL). 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. 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. 

Conclusions
[bookmark: ConclusionsPObsInSeq]In this contribution, we have the following observations and contributions:
Observation 1: Alt. 2 for PSFCH support with dynamic co-channel coexistence, where the NR Tx UE unconditionally may transmit PSFCH, cannot work without the underlying resource selection constraints; i.e. An NR UE may only transmit in a basic resource set consisting of a sub-set of NR PSFCH slots, which are configured within the NR TX resource pool. 
Observation 2: The assumption that it is feasible for NR to transmit PSFCH in NR slots that are a part of a subset of NR slots with PSFCH is in the NR resource set, completely unconditionally and without risk of causing AGC issues to LTE, is not realistic. 
Proposal 1: RAN1 to adopt Alt. 1 for PSFCH support with dynamic co-channel coexistence where the NR SL Rx UE will decide whether or not to transmit PSFCH if it detects an LTE transmission in the NR slot with PSFCH. For unicast and groupcast HARQ feedback option 2, no special handling is needed for a dropped PSFCH. FFS how to handle a dropped PSFCH for groupcast HARQ feedback option 1 (i.e. NACK-only feedback).
Proposal 2: RAN1 to study a new slot format as an alternative solution for avoiding AGC issue for dynamic co-channel coexistence with PSFCH support. The new slot format will introduce an additional AGC symbol in symbol 0 which is used by UEs intending to transmit either PSSCH/PSCCH and/or PSFCH during the slot.
Observation 3: Solutions developed for how to handle a PSFCH being dropped by LBT failure in SL-U, can potentially also be used as a complementary solution for PSFCH support with dynamic co-channel coexistence.
Proposal 3: Solutions involving TDM or FDM of PSFCH resources and LTE resources should not be considered solutions for dynamic resource pool sharing.

	Observation 4: Restricting NR SL using dynamic co-channel coexistence with LTE SL to 15 kHz SCS have at least the following drawbacks:
· Complicate the NR SL CA design when aggregating the shared ITS carrier with another NR carrier where 30 kHz SCS has to be used for compatibility with legacy NR SL devices.
· Forced to use a non-ideal SCS to cope with the Doppler frequency shifts experienced in V2X scenarios.
· Increased latency (than what is otherwise necessary)


Proposal 4: NR SL shall support SCS higher than 15 kHz for dynamic co-channel coexistence with LTE SL.

	Observation 5: NR Tx UE may cause AGC issues to LTE Rx UE in the following two cases:
· NR Tx starts a transmission later than the first symbol of an LTE subframe might cause ADC saturation at the LTE Rx UE.
· Different NR Tx UEs transmits during the LTE subframe might also cause ADC saturation at the LTE Rx UE. 


Observation 6: While Option 1 allows NR to use all NR slots that overlap an LTE subframe, it also forces the NR SL module to transmit in all NR slots that overlap an LTE subframe. Option 3, with the wording from RAN1#111, forces NR to exclude slots that are not starting at the same time as the LTE subframe and hence causes a significant capacity degradation. 

Proposal 5: For NR using a higher numerology than LTE, support an updated Option 3: NR SL UE uses the information shared by the LTE SL module in its own resource selection procedure to exclude only candidate resources where the first symbol of the NR SL transmission is not overlapping in time with the first symbol of the LTE subframe. A candidate resource may not be constrained in a single-slot.

	Proposal 6: The NR SL Type A device will adapt a resource selection procedure which use the information provided by the LTE module. The procedure will have the following changes compared to the procedure described in Clause 8.1.4:
· The initial candidate set is initialized with multi-slot candidate resources (when NR use a higher SCS than LTE and the NR RP overlaps the LTE RP in the time domain)
· Resources that could hypothetically be indicated by an LTE SCI in a non-monitored subframes are excluded unless the resulting candidate resources is below a threshold. 
· Candidate resources which do not have an earliest NR slot that is aligned with the start of the LTE subframe are excluded.
· Candidate resources indicated by an LTE SCI are excluded.
· FFS: RSSI ranking of the remaining candidate resources.



Proposal 7: The LTE module can provide at least the following information to the NR module:
Proposal 8: The constraint of NR to only initiate a transmission in an NR slot that overlaps an LTE subframe in an NR slot which start boundary is aligned with the LTE subframe start boundary, could be relaxed when NR can detect that LTE is not using the LTE subframe. FFS how to detect that LTE is not using a particular LTE subframe.
Proposal 9: Companies evaluating with a Type-A device is to report their assumptions of LTE to NR information timeline (e.g. delay of LTE processing of the sensing information (,), transfer delay to the NR module ( and delay of NR processing the received information ()). 
Proposal 10: The earliest time for information delivered from the LTE module to the NR module accounting for the full LTE sensing window (e.g. the full LTE sensing window (), the delay of LTE processing of the sensing information (,), the transfer delay to the NR module ( and delay of NR processing the received information ().
Proposal 11: 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 12: 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 13: A Type B device should be able to discover when a Type A device capable of providing IUC support is nearby.  
Proposal 14: Both IUC Scheme 1 and Scheme 2 should be supported for NR SL Type B devices.
Observation 7: 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 15: 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 8: For any co-channel coexistence mode slot and subframe boundary alignment between LTE and NR SL is assumed
Proposal 16: 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 17: Type A device should support transmitting NR S-SSB that is based on reception of LTE S-SSB in  co-channel coexistence operation.
Proposal 18: 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 in RAN1#111 with the following agreements:
	Agreement
Based on the agreement in RAN1#110bis-e, the value of Tmax = 4 ms.
Agreement
For dynamic resource pool sharing, the NR SL module uses the candidate information shared by the LTE SL module to the NR SL module, where
· The NR SL module excludes resources based on the shared information from its own candidate resource set when performing the resource (re)selection procedure in the PHY layer.
· FFS how to exclude resources at least based on the time and frequency locations of LTE SL transmissions that have been indicated in the shared candidate information.
· FFS how the exclusion is performed according to clause 8.1.4 of TS 38.214.
· FFS: whether/how NR SL module excludes resources not belonging to the generated LTE SL’s candidate resource set SB from its own candidate resource set.



The topic was discussed during RAN1#110e-bis with the following agreements:
	Agreement
For dynamic resource pool sharing, the candidate information shared by the LTE SL module to the NR SL module may include one or more of the following parameters, to be down-selected:
· Time and frequency locations of reserved resources by other LTE UEs, determined based on decoded SCIs
· SL RSRP measurement results
· Resource reservation periods based on decoded SCI and for own LTE SL transmissions
· Priority based on decoded SCI and for own LTE SL transmissions
· Time and frequency location of resources used for own LTE SL transmissions
· Candidate resource set SA or SB
· SL RSSI measurements
· LTE logical subframe related information
· Resources corresponding to half-duplex subframes which are not monitored by the LTE SL UE

Agreement
For dynamic resource pool sharing, the NR SL module uses the information shared by the LTE SL module to the NR SL module to determine the set of resources for its own transmission.
· FFS: which layer carries out the resource determination: PHY layer or MAC layer.

Agreement
For dynamic resource pool sharing, where the NR SL module uses the candidate information shared by the LTE SL module to the NR SL module, continue studying the following alternatives:
· Alt 1: The LTE SL module provides the NR SL module with the candidate information (excluding at least the candidate resource sets SA or SB)
· The NR SL module identifies a set of resources based on information shared by the LTE SL module.
· FFS: how to identify the set of resources
· The NR SL module excludes these identified resources from its own candidate resource set when performing the resource (re)selection procedure.
· The exclusion process is performed in the PHY layer.
· Note: implementation of Alt 1 should not have specification impact to LTE
· Alt 2: The LTE SL module provides the NR SL module with the candidate resource sets SA or SB shared by the LTE SL module
· The LTE PHY SL module is provided information from the higher layer to generate a candidate resource set SA or SB. The resource set SA or SB is then shared to NR SL module.
· The NR SL module performs an intersection operation with the candidate resource set received from the LTE SL module and the candidate resource set generated by the NR SL module.
· FFS: how to handle the case where this results in an insufficient set of resources
· The intersection operation is performed in the MAC layer.
· FFS: How to handle NR V2X parameter settings that are not supported by LTE V2X, e.g., periodicities, sub-channel sizes, etc
· Note: implementation of Alt 2 should not have specification impact to LTE
· In the next meeting strive to decide between the two alternatives

Agreement
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 (as defined in clause 8.1.4 of TS 38.214), to determine a set of resources for its own (re)transmission.
· T is defined using 
· T≤Tmax ms, and is based on UE implementation, according to the Rel-16 NR SL timeline for in-device coexistence.
· FFS: Value of Tmax
· FFS: any discussion on the earliest information, if needed




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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