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Introduction
The work item for NR V2X was approved in RAN#86 and revised in RAN#90e [1], and the following objectives were identified in relation to resource allocation enhancements for reliability and latency:
	2. Resource allocation enhancement:
· Study the feasibility and benefit of solution(s) on the enhancement(s) in mode 2 for enhanced reliability and reduced latency in consideration of both PRR and PIR defined in TR37.885 (by RAN#91), and specify the identified solution(s) if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following.
· A set of resources is determined at UE-A. This set is sent to UE-B in mode 2, and UE-B takes this into account in the resource selection for its own transmission.
· Note: The solution should be able to operate in-coverage, partial coverage, and out-of-coverage and to address consecutive packet loss in all coverage scenarios.
· Note: RAN2 work will start after [RAN#89].



Based on these objectives, the following agreements were made in the previous meeting [2]:
	· Support the following schemes of inter-UE coordination in Mode 2:
· Inter-UE Coordination Scheme 1: 
· The coordination information sent from UE-A to UE-B is the set of resources preferred and/or non-preferred for UE-B’s transmission
· FFS details including a possibility of down-selection between the preferred resource set and the non-preferred resource set, whether or not to include any additional information other than indicating time/frequency of the resources within the set in the coordination information
· FFS condition(s) in which Scheme 1 is used
· Inter-UE Coordination Scheme 2: 
· The coordination information sent from UE-A to UE-B is the presence of expected/potential and/or detected resource conflict on the resources indicated by UE-B’s SCI
· FFS details including a possibility of down-selection between the expected/potential conflict and the detected resource conflict
· FFS condition(s) in which Scheme 2 is used
· Study further to determine the conditions for UEs to be UE-A(s)/UE-B(s) for inter-UE coordination:
· Details include applicable scenario(s)/inter-UE coordination scheme(s)
· E.g., only UE(s) among the intended receiver(s) of UE-B can be a UE-A, any UE can be a UE-A, high-layer configured, etc.
· Including the possibility of being subject to certain conditions and/or capability
· When UE-B receives the inter-UE coordination information from UE-A, consider at least one of the following options (with details FFS including possibly down-selecting/merging one or more of the options below, applicable scenario(s)/condition(s) for each option, UE behavior) for UE-B’s to take it into account in the resource (re)-selection for its own transmission
· For scheme 1:
· Option 1-1: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based on both UE-B’s sensing result (if available) and the received coordination information
· Option 1-2: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based only on the received coordination information
· Option 1-3: UE-B’s resource(s) to be re-selected based on the received coordination information
· Option 1-4: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based on the received coordination information
· For scheme 2:
· Option 2-1: UE-B can determine resource(s) to be re-selected based on the received coordination information
· Option 2-2: UE-B can determine a necessity of retransmission based on the received coordination information




This contribution discusses and analyses the design aspects of inter-UE coordination. It includes details regarding the determination of resources to be used, the method of transmission and the container used for the transmission for the agreed scheme 1 and scheme 2. It also delves into the compatibility between the different types and how it can contribute to the power saving aspect for Mode 2 UEs.

Inter-UE Coordination Scheme 1
This section discusses the details of inter-UE coordination scheme 1, and includes details regarding the conditions for UE-A to send coordination information to UE-B. Furthermore, it describes the content of this coordination information sent by UE-A based on these conditions and the means used by UE-A to determine this information. Finally, the container in which UE-A sends this information is detailed, as well as how UE-B utilizes the received coordination information.
Conditions for UE-A to Send Coordination Information to UE-B
Based on the discussions from the previous meeting, it is clear that the transmitting and receiving UE over sidelink are selected by higher layers. To place this in the context of inter-UE coordination, the transmitting UE, UE-B, and the receiving UE, which could be UE-A or any other UE, are decided by the V2X application layer. It is also possible that UE-A is a group lead UE, which is designated by the higher layers, and tasked with scheduling resources, or providing assistance for scheduling resources, to other UE-Bs that are members of the group. Hence, any UE, which may or may not be the intended receiver UE, should be capable of transmitting coordination information messages since the UE may be selected by higher layers to transmit the coordination messages.
Proposal 1: Any UE should be capable of transmitting coordination information messages, depending on higher layer determination.

In addition to the higher layer determination, there are other conditions where a UE can take on the role of UE-A to transmit the coordination messages. These conditions include UE-A receiving an explicit request from UE-B or UE-A detecting a past or potential future collision, when UE-A may or may not be the intended recipient for the transmission from UE-B in either of the cases.
Based on an Explicit Request from UE-B
In the case where UE-B realizes that it requires coordination information from another UE, UE-B can explicitly send a request to UE-A, asking for a set of resources to assist in its resource selection process. Although it makes sense for UE-A to be the intended recipient of the transmission from UE-B, it is also possible that UE-B can groupcast or broadcast this request, and any UE-A can provide the coordination information.
On receiving such a request from UE-B, UE-A is expected to provide coordination information to facilitate the intended transmission by UE-B, as seen in Fig. 1.

[image: ]
Figure 1: Diagram depicting UE-B requesting a set of preferred resources from UE-A.

· Conditions for an Explicit Trigger
UE-B can end up in such a situation when it has inadequate or no sensing results, due to partial sensing or SL DRX, or is unable to obtain sensing results due to power constraints. Here, it may require assistance from UE-A to provide it with either candidate resource sets to supplement its own limited sensing results, or specific resources to be used by UE-B for the intended transmission in the absence of any sensing results.
· Information Carried by Explicit Trigger
The explicit request message can contain certain pertinent information regarding the upcoming intended transmission, such as the priority of the intended transmission, remaining PDB and number of sub channels to be used, as well as optional information such as the intended recipient, the nature of the transmission – periodic or aperiodic, possibly the resource pool in which the transmission is intended to take place and the resource reservation interval. This would provide enough information to UE-A to generate a set of preferred resources in order to aid UE-B’s resource selection process.
It is also possible that the request does not contain information enabling UE-A to carry out sensing, but only a single bit request for coordination information. In this case, UE-A can provide UE-B with a set of non-preferred resources, which UE-B can take into account to avoid possible resource collisions.
· Container of Explicit Trigger
The request message itself can be transmitted by UE-B to UE-A using a portion of a previous transmission, in the form of an additional control information message, or as a standalone transmission requesting for resources and assistance, or using RRC signaling.
Proposal 2: We support the condition for a UE to be UE-A where UE-A receives an explicit request from UE-B to send a coordination information message, requesting for assistance in its resource selection process.
Proposal 3: The explicit request from UE-B for coordination information can either contain information regarding the intended transmission, enabling UE-A to provide a set of preferred resources, or contain a simple request for coordination information, enabling UE-A to provide a set of non-preferred resources.

Based on a Pre-Defined or Pre-Configured Event
The drawback of sending an explicit request by UE-B is the overhead caused by the request messages. The alternative is to identify certain events or trigger conditions which, once detected in the system, would initiate UE-A to send coordination information to UE-B.
· Potential Resource Collisions due to Half-Duplex Constraint
In the case that UE-A is the intended recipient for a transmission by UE-B, based on the received SCI from UE-B for the initial transmission, UE-A can identify resources that are indicated in the SCI for retransmissions, or for periodic transmissions, which also clash with time slots where UE-A is scheduled for transmissions, as seen in Fig. 2. Since this would result in potential resource collisions, it can trigger UE-A to send a coordination information message to UE-B.
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Figure 2: Depiction of UE-A identifying potential collisions due to the half-duplex constraint.

· Past or Potential Future Resource Collisions due to Hidden Node Issue
One of these pre-configured events can be based on the detection of potential resource collisions between two other UEs, based on the SCIs being sent by these UEs. If UE-A detects a possible resource collision based on the SCIs that it had received, it can choose to inform either of these UEs to alter their resource selections by sending a coordination information message that would avoid the potential collision. Such a trigger could also be used to avoid consecutive packet collisions, as described in [1], in the event of UEs reserving the same set of resources for their periodic transmissions.
It is also possible for UE-A to detect past collisions based on received SCIs, where UE-B had carried out a transmission in an overlapping resource with another transmitting UE, termed as a post-collision. Since both UE-B and the other UE would be unaware of such a collision taking place, on detection of such an event, UE‑A can send a coordination information message informing UE-B of the collision, and a set of resources that it could use for retransmissions in order to avoid further resource collisions, as depicted in Fig. 3.
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Figure 3: Depiction of UE-A sending a coordination information message to UE-B on detection of a past collision.

Proposal 4: We support the condition for a UE to be UE-A where UE-A detects a pre-defined or pre-configured event resulting in a past or potential future resource collision, either due to the half-duplex constraint or the hidden node issue, triggering UE-A to send a coordination information message to UE-B.

Once initiated, the coordination messages can then be a transmission in a periodic or aperiodic manner, depending on the information provided in the trigger, or based on the event that triggered UE-A to send the coordination message.
Proposal 5: We propose that UE-A decides to transmit the coordination messages in a periodic or aperiodic manner, based on the nature of the trigger condition, and the information provided by the trigger that initiates the coordination message transmission.

Types of Coordination Information and their Method of Determination by UE-A
Based on the conditions and scenarios described in the previous section, it is clear that the set of resources sent by UE-A as coordination information differs depending on the trigger conditions and the prevalent scenarios. In the previous meeting, it was agreed that UE-A using scheme 1 could send a set of preferred and/or non-preferred resources. In this section, we explore in detail the different types of resource sets, and the methods used by UE-A to determine them.
Set of Preferred Resources
In this case, UE-A sends a set of resources that it sees available during its sensing and resource selection process. For UE-A to be able to generate the set of resources that are relevant for the intended transmission to be carried out by UE-B, UE-A would require the following information regarding the intended transmission, based on the existing Rel-16 procedure for determining the candidate resource set:
· Priority of the intended transmission, remaining PDB and number of sub channels to be used.
· Optionally, the resource pool in which the transmission is intended to take place and the resource reservation interval can also be provided.
Based on the scenarios and conditions described in Section 2.1, UE-A can either receive all the pertinent sensing information from the explicit request message sent by UE-B, as described in Section 2.1.1, or derive this information from received SCIs that detected a potential resource collision.
In either the half-duplex or hidden node case described in Section 2.1.2, the unifying trigger that enables UE-A to detect a potential resource collision is the received SCI. Since UE-A would have successfully decoded the 1st stage SCI in these cases, UE-A can utilize the information provided in the priority field and the resource reservation field to carry out sensing and determine a set of preferred resources for UE-B. It can deduce the resource pool to be used for the intended (re-)transmission based on the resource pool in which the SCI was received, as well as the number of sub channels required for the (re-)transmission. If UE-A is the intended recipient, it would also be aware of the PDB for the (re-)transmission, and hence would be in a capable position to carry out sensing and assist UE-B.
This essentially means that the set of resources can be one of the following:
· Candidate Resource Set
This type of coordination message would contain a candidate resource set that was determined by UE-A during its sensing and (re-)selection process. In other words, UE-A would follow the existing procedure to determine the candidate resource set SA, as described in section 8.1.4 of [3]. Instead of reporting this set to the higher layers, which is what is expected of UE-A when it has to carry out the resource selection process for its own transmissions, UE-A would send these resources to UE-B in the form of coordination messages.
The candidate resource set would include a set of resources that have been determined to be below a SL-RSRP threshold, in the case of a set of preferred resources, or above the threshold, in the case of a set of non-preferred resources.
Such a coordination message would enable UE-B to avoid sensing entirely on receipt of a candidate resource set for an intended transmission. However, the size of the coordination message would be large due to the size of the candidate resource set.
· Set of Selected Resources
In order to further reduce the sensing and resource selection effort to be undertaken by UE-B, UE-A can go one step further and report the candidate resource set SA to the higher layers, and obtain a set of randomly selected resources from within the candidate resource set, as determined by the higher layers and described in detail in [4] and [5]. UE-A can then send the set of selected resources to UE-B in the form of coordination messages. UE-B can then consider these as a set of preferred resources for its own transmissions.
This would provide UE-B with the option to completely skip its own sensing and resource (re-)selection process by using the resources provided by UE-A for its intended transmissions. Additionally, this would enhance UE-B’s ability to save power as well, since sensing, as identified in [6], was seen to be one of the most power-hungry processes in a UE. This would also facilitate UE-A being a group lead UE, where it provides a set of resources to be used for transmissions by members of a group.
The size of the coordination message would be small since only the selected resources are sent to UE-B and can be based on the TRIV/FRIV fields, as described in section 8.1.5 in [4]. UE-B can avoid sensing entirely on reception of a set of selected resources for an intended transmission.
· Reserved but Unused Resources
UE-A can enhance the resource utilization efficiency of the system by providing a set of resources that had been reserved and indicated by UE-A for other transmissions, but had been left unused due to early ACKs or due to paused periodic transmissions. These resources have already been indicated as reserved for retransmissions to other UEs, and will be excluded from the sensing and resource (re-)selection process of other UEs, and hence will remain unused.
In order to determine these resources, UE-A would be required to monitor the PSFCH for an early ACK. The size of the assistance message will be small depending on the number of remaining retransmissions configured for the said transmission. UE-B would still require to do sensing, but can include this set of resources to the candidate resource set UE-B generates for the intended transmission.
Proposal 6: We support the transmission of a set of preferred resources as a coordination information message by UE-A, based on either an explicit request from UE-B, or based on received SCIs from UE-B.
Proposal 7: The set of preferred resources are based on UE-A’s sensing results and can be either a candidate resource set or a set of selected resources based on the candidate resource set. It can also be based on reserved but unused resources.

Set of Non-Preferred Resources
On the other hand, the set of resources that are preferred not to be used by UE-B are those resources that have been identified by UE-A based on received SCIs from UE-B or any other UE carrying out transmissions with UE-B that could cause potential resource collisions.
Hence, the set of non-preferred resources can be defined as one of the following:
· Set of Resources where UE-A is Scheduled to Transmit
UE-A can provide a set of resources in time slots where UE-A will be carrying out its own transmissions. This is particularly relevant to UE-B when UE-A is the intended recipient, because any transmissions made to UE-A on these time slots would not be received due to the half-duplex constraint, as described in Section 2.1.2. UE-B can then exclude these resources during its resource selection process to avoid potential resource collisions.
· Set of Resources where UE-B and Another UE are Scheduled to Transmit
Based on received SCIs from UE-B and another UE-C, it is possible for UE-A to detect that UE-B has indicated a resource for a future transmission that could collide with UE-C’s indicated resource. One possibility is that UE-A is the intended recipient for the transmission from UE-B, and receives an SCI from UE-C indicating a reservation for the same resource, resulting in a potential future collision. The other possibility is that UE-A is not the intended recipient for either transmission, but receives SCIs from both UE-B and UE-C indicating transmissions to each other in the same time slot, which could have taken place in the past, or are scheduled to take place in future time slots.
In either of these cases, UE-A can send these resources as a coordination message to UE-B or UE-C, informing them to carry out resource re-selection in order to avoid the potential collision.
In both the described scenarios, UE-A does not need any additional information from UE-B to generate this set of resources, apart from monitoring the SCIs being received on the PSCCH. One of the advantages of such a coordination message is that its size can be small depending on the number of potential resource collisions that UE-A can detect. UE-B would still require to do sensing, but can exclude the set of resources from the candidate resource set that UE-B generates for the intended transmission.
Proposal 8: We support the transmission of a set of non-preferred resources as a coordination information message by UE-A, based on received SCIs that indicate past or potential future resource collisions.

Based on the above analysis, it is clear that for scheme 1, both a set of preferred and a set of non-preferred resources are advantageous to be sent by UE-A, since they cater to different conditions and scenarios that could cause potential collisions. Hence, we do not believe any further down-selection between the two identified options is required for scheme 1. Since UE-B could receive a coordination information message with either a set of preferred or non-preferred resources, it would require an indication in the message stating what type of resources are included.
Proposal 9: We do not support any down-selection between a set of preferred and non-preferred resources for inter-UE coordination scheme 1.
Proposal 10: We propose to include an indication of the type of resources that are sent from UE-A to UE-B, namely a set of preferred or non-preferred resources.

Signalling of Coordination Information by UE-A to UE-B
For UE-A to send the set of resources to UE-B, the container or signaling procedure used must ensure that the resources are received by UE-B in a latency critical manner, but at the same time ensure that the overhead for the transmission is kept to a minimum.
One of the key features of Rel-16 NR V2X is its support for a 2-stage SCI, where the size of the first stage SCI, i.e., SCI format 1-A, was size-matched to reduce the blind decoding load of UEs, whereas the second stage SCIs were variable in size. We propose to leverage the advantages of the 2-stage SCI system by introducing a new second stage SCI format pertaining to coordination information messages. The addition of a new second stage SCI can be easily incorporated into the existing specifications, given that the SCI format 1-A already has a second stage SCI format indicator with the provision for new second stage SCI formats [7].
Since the second stage SCIs are transmitted in the PSSCH, the new second stage SCI format can contain control information required by UE-B to identify and decode the coordination information, while the coordination information message itself, in the form of a set of resources, is transmitted as data payload in the associated SL-SCH. This can be utilized when the size of the set of resources is large.
Alternatively, the new second stage SCI format itself can be used to convey the set of resources, coupled with a regular transmission to UE-B. The new second stage SCI will contain all the necessary fields as described in SCI format 2-A or 2-B, along with a set of resources pertaining to the coordination information message. This is particularly advantageous when the set of resources are considerably small, which would be the case when the set of resources indicate specific preferred or non-preferred resources, using the existing TRIV/FRIV format. This would enable the optimum use of resources available within the transmission opportunity.
It is also possible for the new second stage SCI format to transmit a larger set of resources without any data payload attached to the SCI. In this case, the SCI can use all the remaining symbols of the PSSCH, and can also be concatenated with multiple coordination messages to be send to more than one UE using a single transmission opportunity.
In either of the above options, the new second stage SCI can include parameters such as the destination ID of the intended receiver of the coordination message, UE-B, the UE ID of the receiver of the intended transmission by UE-B, the priority associated with the set of resources, as well as the type of coordination message.
It is also possible for UE-A to use MAC layer signaling in order to send the set of resources to UE-B. However, higher layer signaling might not be the best solution for latency critical operations where UE-B requires the coordination information as soon as possible.
Proposal 11: We propose to transmit coordination messages by UE-A using a new second stage SCI. The coordination message can be included in:
· the new second stage SCI, coupled with a regular transmission to UE-B, or
· the new second stage SCI, occupying the entire transmission instance, or
· the data payload associated with the new second stage SCI in a transmission instance.

Utilization of Coordination Information by UE-B
The procedures required to be carried out by UE-B in order to consider the received set of resources depends heavily on the type of resources that it receives.
UE-B Receives a Preferred Resource Set
If UE-B receives a set of resources mapping to a candidate resource set generated by UE-A, UE-B can choose to either consider the provided candidate resource set on its own, or in combination with its own candidate resource set that UE-B had generated for the intended transmission. This would provide UE-B with an insight on the status of resources in time slots where it does not have any sensing results due to the half-duplex constraint. UE-B can then generate a combined candidate resource set, which it can then send to the higher layers to determine the final resources to be used for the intended transmission.
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Figure 4: Exemplary depiction of UE-B using a set of preferred resources from UE-A.
In the case where a set of specific resources are provided in the coordination information message, as determined by UE-A after its own sensing and resource (re-)selection process, UE-B can consider using these resources directly for its own intended transmissions. In this case, UE-B does not need to carry out the sensing and resource (re‑)selection procedure at all, contributing to the power saving ability of the UE. This is explored in further detail in our accompanying contribution [8]. If UE-B has also carried out the sensing and selection process, it can compare the selected resources, as determined by the higher layers, with those received in the coordination message. Having common or overlapping resources would provide UE-B with added confidence that the resources are indeed available and can be safely used for its intended transmissions.

UE-B Receives a Non-Preferred Resource Set
When UE-B receives a set of non-preferred resources, it is clear that it should prevent the use of these resources in order to avoid any potential collisions. UE-B can do so during the resource exclusion process during the sensing and selection procedure, where the UE will not consider any of the non-preferred resources from the coordination message in its candidate resource set.
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Figure 5: Exemplary depiction of UE-B using a set of non-preferred resources from UE-A.

Based on the agreement made in the previous meeting, we support option 1-1, where UE-B uses the resources from the coordination information message in conjunction with its own sensing results, as well as option 1-2, where UE-B uses the resources as is for its own transmissions, in the absence of sensing results. Option 1-4 seems to be considerably covered by the previous options, and hence need not be pursued going forward.
Proposal 12: We propose that UE-B takes the set of resources from the coordination information message into account, depending on the type of resources received:
· If UE-B receives a set of preferred resources, it can either use the resources directly (Option 1-2), or compare it with its own candidate resource set or selected set of resources and determine the common resources (Option 1-1), for the intended transmission.
· If UE-B receives a set of non-preferred resources to avoid, it excludes these resources when generating the candidate resource set (Option 1-1), and selects resources for transmission from the curtailed candidate resource set.

Other Considerations for UE-B
Apart from the type of coordination information message that UE-B receives, the following are a set of conditions that UE-B needs to take into account when it utilizes the set of resources.
· Selection Window of the Intended Transmission by UE-B
Since UE-B intends to use these resources for its own transmission, these resources have to be within the selection window of the intended transmission in order to be considered. The coordination message itself can be received at UE-B any time before the UE determines the candidate resource set for the transmission.
· Intended Recipient UE of the Intended Transmission by UE-B
In the case where UE-B would receive multiple coordination information messages from other UEs, it would make sense for UE-B to prioritize and utilize the information provided by the UE that would receive the transmission from UE-B, the same transmission for which UE-B requires the coordination information. In order to do so, UE-B would require control information, in the form of a UE ID, attached to the coordination information message so that it is aware that the set of resources are for the intended transmission to UE-A.
In the case where UE-B does not receive coordination information from the intended recipient UE, UE-B can take into account these sets of resources based on the SL-RSRP threshold associated with them, the distance from UE-A to UE-B, or the prevalent conditions of UE-A when sending the coordination information.
· SL-RSRP Threshold used for Generating Resource Sets by UE-A
UE-A generates the coordination information message with or without the explicit request from UE-B. In the case where UE-B provides an explicit request, it can also provide the priority of the intended transmission, so that UE-A can generate a relevant set of resources. In the case where UE-A is unaware of the priority of UE-B’s intended transmission, UE-B should choose the coordination information received from multiple UEs based on the priority used to generate the set of resources. Resources generated using a similar priority and SL-RSRP threshold required by UE-B for its intended transmission would enable the optimum use of the indicated resources.
· Distance between UE-A and UE-B
The distance between UE-B and the UEs from which it receives the coordination information is important for its decision to select UEs that provide relevant sets of resources. Similar to the mechanism used in SCI format 2-B with the inclusion of the zone ID to calculate the distance between UEs, UE-B can deduce the closest UE within its vicinity, and choose the coordination information provided by UEs only if they are within a (pre‑)defined minimum communication range. This would enable UE-B to receive a set of resources that are relevant for its intended transmission, and reflect the true conditions prevalent in the resources indicated.
· UE-A’s Prevalent Conditions
UE-B can also choose the appropriate coordination information messages based on the type of UE that is providing the set of resources. For example, a UE that is within the same group of UE-B would be able to provide a set of resources that are more relevant for UE-B’s transmission within the members of the group.
In contrast to the example above, coordination information provided by UEs which are power restricted, carrying out DRX, or performing partial sensing only, could be considered with a lower priority.
Proposal 13: We propose that UE-B should consider the following additional conditions when taking into account the set of resources received from UE-A:
· The resources are within the selection window of UE-B’s intended transmission,
· The intended recipient of UE-B’s intended transmission,
· The priority or SL-RSRP threshold used for generating the resource set,
· The distance between UE-A and UE-B,
· UE-A’s prevalent conditions, e.g., UE-type or UE sidelink configurations.
Proposal 14: Since the intended recipient of the transmission from UE-B can be UE-A, or any other UE, we propose that the coordination message provides an indication about the intended recipient UE, especially if it is UE-A.
· In the case where UE-B receives multiple coordination messages, we propose that UE-B should give priority to the information provided by the intended recipient UE.

Inter-UE Coordination Scheme 2
This section discusses the details of inter-UE coordination scheme 2, and includes details on the conditions for UE-A to send an indication of a past resource conflict, or a potential future resource conflict, the container in which UE-A sends this indication, and how UE-B utilizes this indication. It also delves into the potential drawbacks of scheme 2, and possible solutions on how to resolve them.
Conditions for UE-A to Send Collision Indication to UE-B
In scheme 2, the conditions for UE-A to transmit a collision indication are similar to that of scheme 1, where UE‑A is essentially any UE capable of receiving SCIs in order to detect past or potential future resource collisions. As described in Section 2.1.2, these resource collisions could occur due to the half-duplex constraint or due to the hidden node issue. Upon detection of these events by receiving and decoding SCIs from UE-B or any other UE, instead of sending a coordination message containing a resource set for UE-B to utilize for its resource reselection, as described in scheme 1, UE-A will only send a collision indication to UE-B in scheme 2.
Proposal 15: We propose that the conditions for UE-A to use inter-UE coordination scheme 2 are the same as that of scheme 1 based on a pre-defined or pre-configured event, the event being the detection of a past or potential future resource collision, detected based on received SCIs.

Signalling of Collision Indication by UE-A to UE-B
Based on the contributions by different companies from the past meeting, the signalling of the collision indication can occur over the PSFCH. Whether the indication itself is a NACK or another 1-bit indication is yet to be discussed. While sending the NACK alone reduces the overhead caused by scheme 1, it is unclear as to how UE-B can differentiate the NACK indicating a collision indication from that of a conventional NACK. It also does not work for transmissions with feedback disabled, or on resource pools with no PSFCH defined. In the case where scheme 2 is used to indicate potential future resource collisions, it is also unclear how a NACK can be used to indicate potential resource collisions in multiple future reservations.
Hence, for scheme 2, a NACK-like 1-bit collision indicator would overcome the aforementioned issues, as it would be clear to UE-B that it is a collision indicator. It can be transmitted on the PSFCH or on a separate channel similar to that of the PSFCH, meant for collision indicators, and the signal itself can be modelled based on a NACK.
Proposal 16: We propose to use PSFCH for the transmission of a NACK-like 1-bit collision indicator that is sent by UE-A on detection of a past or potential future collision.

Utilization of Collision Indication by UE-B
In the case of collisions that had occurred in the past, on receiving the collision indicator from UE-A, UE-B can interpret it in the same way as a conventional NACK, which would trigger a retransmission of the failed or unsuccessfully transmitted packet. When UE-A is the intended recipient of the transmission from UE-B, the collision indicator would be the same as UE-B receiving a NACK for a failed transmission. On the other hand, if UE-A is not the intended recipient, the collision indicator would inform UE-B of a post collision that it had not detected, and would trigger a retransmission of the failed transmission.
Proposal 17: In the case of a post collision, we propose that UE-B triggers a retransmission of the failed transmission for which UE-A had sent the collision indication (Option 2-2).

In the case where the collision indicator pertains to a potential future collision, it is to trigger a resource re‑selection. Without any further information about resources that are preferred or not preferred for the re-selection procedure, UE-B may again end up selecting the same resource that triggered the collision indication by UE-A. This issue is compounded in congested resource pools, where the probability of UE-B selecting a collision-prone resource is high.
Proposal 18: In the case of a potential future collision, further analysis is required for triggering resource re‑selection by UE-B.

Drawbacks of Scheme 2 and Potential Solutions
In this section, we take a look at the drawbacks of using only the collision indication as a solution for inter-UE coordination, and propose solutions to overcome them.
Missing Potential Future Collisions
While using the PSFCH and the existing Rel-16 framework for UE-B to monitor certain PSFCH time slots and receive the collision indicator is convenient and has lesser specification impact, there is a scenario where UE-A might not be able to inform UE-B about a potential resource collision.
Consider the scenario where UE-B transmits an SCI to UE-A for the initial transmission in time slot 0, indicating reservations for a retransmission in time slot 20. When UE-A is the intended recipient UE, and failed to successfully decode the initial transmission, it will send a conventional NACK in the designated time slot with PSFCH enabled in time slot 5. It is also possible for UE-B to transmit a periodic transmission in time slot 0 with a periodicity of 20. In both cases, UE-A is the intended recipient, and expects a transmission in time slot 20.
However, in time slot 10, UE-A received a packet for transmission in its buffer, which is of a higher priority that UE-B’s transmission. If UE-A selects a resource in time slot 20 for the transmission of its higher priority packet, it is aware that it will not be able to receive the retransmission from UE-B, but cannot inform UE-B about the potential resource collision. Another case is when UE-A receives an SCI from another UE-C, which is diagonally opposite in location from UE-B, in time slot 10, indicating a periodic transmission also in time slot 20, in the same resource as selected by UE-B. Since UE-B is not aware of the upcoming transmission from UE-C due to their distance between them, it also cannot act to avoid the potential collision. The issue in this scenario is that although UE-A is aware of a potential collision, it is not able to inform UE-B since the PSFCH enabled time slot for sending the collision indicator has passed. This scenario is described in Fig. 6.
[image: ]
Figure 6: Scenario where UE-A is aware of a potential collision at t20, but cannot inform UE-B.
A possibility to solve such cases is to include an opportunity for UE-A to inform UE-B about this potential resource collision in a time slot before time slot 20, in a time slot with PSFCH enabled. It can send the collision indicator in a similar fashion as a conventional NACK, but instead of the indicator being sent after the collision occurs, it is sent in a time slot before the actual collision.
Proposal 19: Further analysis is required for the case where UE-A is aware of a potential resource collision, but is not able to inform UE-B about it since it became aware of the potential collision only after the time slot for UE-A to send the collision indicator has passed.

Triggering Resource Re-selection
As mentioned in Section 3.3, triggering resource re-selection based on a collision indication by UE-B without any additional information on which resources are to be preferred or avoided might not essentially result in avoiding resource collision.
In this case, it makes sense for UE-A to send a collision indication as well as a set of preferred or non-preferred resources to ensure that UE-B does not select the same resources for which the collision indication was triggered in the first place. This would result in the combination of scheme 1 and 2, for the scenarios where potential future resource collisions are detected by UE-A.
Proposal 20: In the case where UE-A detects a potential future resource collision, consider a combination of schemes 1 and 2, where UE-A sends a collision indication along with a set of preferred or non-preferred resources to assist UE-B in its resource re-selection process.
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Conclusion
Based on the topics discussed in the previous sections, the following proposals have been made in this contribution:
Proposal 1: Any UE should be capable of transmitting coordination information messages, depending on higher layer determination.
Proposal 2: We support the condition for a UE to be UE-A where UE-A receives an explicit request from UE-B to send a coordination information message, requesting for assistance in its resource selection process.
Proposal 3: The explicit request from UE-B for coordination information can either contain information regarding the intended transmission, enabling UE-A to provide a set of preferred resources, or contain a simple request for coordination information, enabling UE-A to provide a set of non-preferred resources.
Proposal 4: We support the condition for a UE to be UE-A where UE-A detects a pre-defined or pre-configured event resulting in a past or potential future resource collision, either due to the half-duplex constraint or the hidden node issue, triggering UE-A to send a coordination information message to UE-B.
Proposal 5: We propose that UE-A decides to transmit the coordination messages in a periodic or aperiodic manner, based on the nature of the trigger condition, and the information provided by the trigger that initiates the coordination message transmission.
Proposal 6: We support the transmission of a set of preferred resources as a coordination information message by UE-A, based on either an explicit request from UE-B, or based on received SCIs from UE-B. 
Proposal 7: The set of preferred resources are based on UE-A’s sensing results, and can be either a candidate resource set, or a set of selected resources based on the candidate resource set. It can also be based on reserved but unused resources.
Proposal 8: We support the transmission of a set of non-preferred resources as a coordination information message by UE-A, based on received SCIs that indicate past or potential future resource collisions.
Proposal 9: We do not support any down-selection between a set of preferred and non-preferred resources for inter-UE coordination scheme 1.
Proposal 10: We propose to include an indication of the type of resources that are sent from UE-A to UE-B, namely a set of preferred or non-preferred resources.
Proposal 11: We propose to transmit coordination messages by UE-A using a new second stage SCI. The coordination message can be included in:
· the new second stage SCI, coupled with a regular transmission to UE-B, or
· the new second stage SCI, occupying the entire transmission instance, or
· the data payload associated with the new second stage SCI in a transmission instance.
Proposal 12: We propose that UE-B takes the set of resources from the coordination information message into account, depending on the type of resources received:
· If UE-B receives a set of preferred resources, it can either use the resources directly (Option 1-2), or compare it with its own candidate resource set or selected set of resources and determine the common resources (Option 1-1), for the intended transmission.
· If UE-B receives a set of non-preferred resources to avoid, it excludes these resources when generating the candidate resource set (Option 1-1), and selects resources for transmission from the curtailed candidate resource set.
Proposal 13: We propose that UE-B should consider the following additional conditions when taking into account the set of resources received from UE-A:
· The resources are within the selection window of UE-B’s intended transmission,
· The intended recipient of UE-B’s intended transmission,
· The priority or SL-RSRP threshold used for generating the resource set,
· The distance between UE-A and UE-B,
· UE-A’s prevalent conditions, e.g., UE-type or UE sidelink configurations.
Proposal 14: Since the intended recipient of the transmission from UE-B can be UE-A, or any other UE, we propose that the coordination message provides an indication about the intended recipient UE, especially if it is UE-A.
· [bookmark: _GoBack]In the case where UE-B receives multiple coordination messages, we propose that UE-B should give priority to the information provided by the intended recipient UE.
Proposal 15: We propose that the conditions for UE-A to use inter-UE coordination scheme 2 are the same as that of scheme 1 based on a pre-defined or pre-configured event, the event being the detection of a past or potential future resource collision, detected based on received SCIs.
Proposal 16: We propose to use PSFCH for the transmission of a NACK-like 1-bit collision indicator that is sent by UE-A on detection of a past or potential future collision.
Proposal 17: In the case of a post collision, we propose that UE-B triggers a retransmission of the failed transmission for which UE-A had sent the collision indication (Option 2-2).
Proposal 18: In the case of a potential future collision, further analysis is required for triggering resource re‑selection by UE-B.
Proposal 19: Further analysis is required for the case where UE-A is aware of a potential resource collision, but is not able to inform UE-B about it since it became aware of the potential collision only after the time slot for UE-A to send the collision indicator has passed.
Proposal 20: In the case where UE-A detects a potential future resource collision, consider a combination of schemes 1 and 2, where UE-A sends a collision indication along with a set of preferred or non-preferred resources to assist UE-B in its resource re-selection process.
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