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Introduction
At RAN#86, a new work item “NR Sidelink enhancement” (NR_SL_enh) was approved ‎[1]. One of the objectives is relevant for the present agenda item:
	[bookmark: _Hlk83846699]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.



In this contribution, we provide our views on inter-UE coordination (IUC) schemes 1 and 2 in sidelink resource allocation mode 2.
IUC scheme 1
Conditions/scenarios for preferred vs non-preferred resource set
In RAN1#106-e, the following agreement was reached regarding preferred and non-preferred resources in IUC scheme 1.
	· Agreement:
· For scheme 1, the following inter-UE coordination information signalling from UE-A is supported. FFS details including condition(s)/scenario(s) under which each information is enabled to be sent by UE-A and used by UE-B.
· Set of resources preferred for UE-B’s transmission
· Set of resources non-preferred for UE-B’s transmission



In order to minimize control signaling overhead associated with IUC scheme 1, the decision whether to transmit a preferred or non-preferred resource set may depend on a CBR measured at UE-A. If the channel is relatively busy, there may be just a few preferred (i.e., unreserved) resources but many non-preferred (i.e., reserved) resources. Thus, UE-A may incur lower signaling overhead by transmitting the preferred resource set to UE-B. Conversely, if the channel is relatively empty, there may be just a few non-preferred resources but many preferred resources. Thus, UE-A may incur lower signaling overhead by transmitting the non-preferred resource set to UE-B.
[bookmark: P_Scheme1_SetTypeCBR]Proposal 1: Whether UE-A is to transmit a preferred resource set or a non-preferred resource set can be based on a CBR measured at UE-A.
Definition of UE-A/UE-B in IUC scheme 1
In RAN1#106-e, the following agreement was reached regarding the definition of UE-A/UE-B in IUC scheme 1.
	· [bookmark: _Hlk83846912]Agreement:
· In scheme 1, the following is supported for UE(s) to be UE-A(s)/UE-B(s) in the inter-UE coordination information transmission triggered by an explicit request in Mode 2:
· A UE that sends an explicit request for inter-UE coordination information can be UE-B
· A UE that received an explicit request from UE-B and sends inter-UE coordination information to the UE-B can be UE-A
· (Working assumption) At least a destination UE of a TB transmitted by UE-B can be UE A
· The above feature can be enabled or disabled or controlled by (pre-)configuration
· FFS: Details on how to support this, including (pre-)configuration signaling granularity
· FFS: Additional details and conditions on UE-A and UE-B
· (Working Assumption) In scheme 1, the following is supported for UE(s) to be UE-A(s)/UE-B(s) in the inter-UE coordination information transmission triggered by a condition other than explicit request reception in Mode 2:
· A UE that satisfies the condition mentioned in the main bullet and sends inter-UE coordination information is UE-A
· A UE that received inter-UE coordination information from UE-A and uses it for resource (re-)selection is UE-B
· The above feature can be enabled or disabled or controlled by (pre-)configuration
· FFS: Details on how to support this, including (pre-)configuration signaling granularity
· FFS: Additional details and conditions on UE-A and UE-B



According to the above agreement, there are two possible triggers for transmission of IUC scheme 1 by UE-A: (a) reception of an explicit request from UE-B or (b) a condition other than reception of an explicit request is fulfilled.
[bookmark: P_Scheme1_Config]In the request-triggered case, an open question is how a transmitter UE decides whether it should become UE-B (i.e., request IUC information from a UE-A) or not (i.e., select resources on its own without coordinating with a UE-A). This could be left to UE implementation.
Regarding the condition-triggered case, a possible condition that may trigger UE-A’s (un-requested) transmission of IUC information is a change of resource status, i.e., a preferred resource becoming non-preferred or vice versa.
Another possible condition that may trigger a UE to become UE-A is when the UE transmits a CSI request or higher-layer signaling (e.g., RRC) and expects a response. In such cases, the UE may include a preferred or non-preferred resource set for receiving the corresponding response. The UE receiving the CSI request or higher-layer signaling then becomes UE-B.
[bookmark: P_Scheme1_Unsolicited]Proposal 2: A change in resource status (from being preferred to being non-preferred, or vice versa) or an expected response to a message sent by UE-A may be conditions for un-requested triggering of IUC information transmission by UE-A.
Another possible condition for a UE triggering the transmission of IUC information is the reception of an SCI indicating a resource reservation for which the UE is an intended receiver. In this case, the intended receiver may trigger transmission of IUC information indicating the reserved resources (in which it is expected to receive) as non-preferred resources for transmission by nearby UEs. Such “retransmission” of resource reservation information by an intended receiver (which then becomes UE-A) can extend the information transmission range and thus address the hidden-node problem.
[bookmark: Obs_Scheme1_ReTxSCI]Observation 1: Collisions due to the hidden-node problem can be avoided if a UE retransmits resource reservations upon decoding an SCI indicating resources for future transmission intended for that UE.
Considering backward compatibility, in order to allow Rel-16 UEs to also utilize the retransmitted resource reservation information, it’s convenient to use a 1st-stage SCI to retransmit the resource reservation information. In this way, other UEs (regardless of whether they be Rel-16 or Rel-17) can exclude the reserved resources as part of the normal mode 2 sensing mechanism.
[bookmark: P_Scheme1_ReTxSCI]Proposal 3: Reception at an intended destination UE of an SCI indicating reserved resources for its reception triggers (un-requested) transmission of IUC information indicating the reserved resources as non-preferred resources for transmission by other UEs.
In case the container for the IUC information is an SCI, the content of the SCI should be adapted in order to reflect the same reserved time-frequency resources as the original SCI received by UE-A. For instance, if UE-A transmits the IUC information via an SCI occurring  slots after the original SCI, the “Time resource assignment” bits of SCI (i.e., the TRIV) should be adapted to indicate the same slots pertaining to the reserved resources as in the original SCI.
[bookmark: P_Scheme1_ReTxSCI_modify]Proposal 4: When an intended receiver UE triggers (un-requested) transmission via SCI of IUC information indicating reserved resources for its own reception, it adapts the TRIV field accordingly so as to reflect the same reserved time-frequency resources as the original SCI.

Combinations of features to be supported in IUC scheme 1
During the RAN1#106-e email discussion, the FL asked for companies’ views on the combinations of features to be supported in IUC scheme 1, as follows.
	[bookmark: _Hlk86314415]According to the agreements made so far for Scheme 1, the following types of inter-UE coordination information signaling and mechanisms to trigger inter-UE coordination information transmission are supported.
· Types of inter-UE coordination information signaling
· Option A: Set of resources preferred for UE-B’s transmission
· Option B: Set of resources non-preferred for UE-B’s transmission
· Mechanisms to trigger inter-UE coordination information transmission
· Option 1: Triggered by an explicit request
· Option 2: Triggered by a condition other than explicit request reception
Question 1: Which combination(s) of the above-motioned features (e.g., Option A with Option 1, Option B with Option 2) should be supported for Scheme 1?



In our view, at least combinations A1 and B2 should be supported. However, we prefer to support all combinations (A1, A2, B1, B2) for maximum flexibility, especially with the goal of minimizing IUC scheme 1 signaling overhead:
· When most candidate resources (e.g., within a resource selection window) are non-preferred (e.g., at high CBR), signaling a “preferred resource set” may incur much lower overhead, regardless of the trigger.
· When most candidate resources are preferred (e.g., at low CBR), signaling a “non-preferred resource set” may incur much lower overhead, regardless of the trigger.

UE-B behavior in IUC scheme 1
In RAN1#106-e, the following agreement was reached regarding UE-B behavior in IUC scheme 1.
	· Agreement:
· In scheme 1, at least following UE-B’s behavior in its resource (re-)selection is supported when it receives inter-UE coordination information from UE-A:
· For preferred resource set, the following two options are supported:
· Option A): 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
· UE-B uses in its resource (re-)selection, resource(s) belonging to the preferred resource set in combination with its own sensing result
· UE-B uses in its resource (re-)selection, resource(s) not belonging to the preferred resource set when condition(s) are met
· FFS: Details of condition(s)
· This option is supported when UE-B performs sensing/resource exclusion
· FFS: Other details (if any) 
· Option B): UE-B’s resource(s) to be used for its transmission resource (re-)selection is based only on the received coordination information
· UE-B uses in its resource (re-)selection, resource(s) belonging to the preferred resource set
· This option is supported at least when UE-B does not support sensing/resource exclusion
· FFS: Whether the support is conditional or UE capability
· FFS: Other details (if any)
· FFS: Other option(s), and other details (if any)
· For non-preferred resource set, 
· 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 
· UE-B excludes in its resource (re-)selection, resource(s) overlapping with the non-preferred resource set
· FFS: Details including
· Whether/how UE-B can use in its resource (re-)selection, resource(s) overlapping with the non-preferred resource set, definition of the overlap, and other details (if any)
· When UE-B excludes in its resource (re-)selection, resource(s) overlapping with the non-preferred resource set
· FFS: UE-B reselects in its resource (re-)selection, resource(s) to be used for its transmission when the resource(s) are fully/partially overlapping with the non-preferred resource set
· FFS: Other option(s), and other details (if any) 



During the RAN1#106bis-e email discussion, the following proposal was put forward by the FL, but there was no time to discuss it.
	Updated draft proposal 1-4:
· For Scheme 1 with non-preferred resource set, 
· Option 2: Physical layer at UE-B excludes in its resource (re-)selection, candidate single-slot resource(s) obtained after Step 6) of Rel-16 TS 38.214 Section 8.1.4 overlapping with the non-preferred resource set
· FFS: Whether/how to handle the case when the requirement of   as specified in Step 7) of TS 38.214 Section 8.1.4 is not satisfied
· FFS: Whether/how to determine M_total based on non-preferred resources in step 7) 



One aspect that hasn't been discussed yet is what happens when UE-B receives non-preferred resource sets from multiple UE-As (e.g., in groupcast). Then, the problem of excessive resource exclusion becomes more serious.
[bookmark: Obs_Scheme1_UEB_RemainingSetTooSmall]Observation 2: It is necessary to address the case where the number of remaining candidate single-slot resources after UE-B’s resource exclusion is too small.

How UE-A determines preferred resource set
In RAN1#106-e, the following agreement was reached regarding how UE-A determines a preferred resource set in IUC scheme 1.
	· Agreement:
· In scheme 1, at least the following is supported to determine inter-UE coordination information of preferred resource set:
· UE-A considers any resource(s) satisfying all the following condition(s) as set of resource(s) preferred for UE-B’s transmission
· Condition 1-A-1:
· Resource(s) excluding those overlapping with reserved resource(s) of other UE identified by UE-A whose RSRP measurement is larger than a RSRP threshold
· FFS: Other details (if any)
· FFS: Condition 1-A-2:
· Resource(s) excluding slot(s) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B
· FFS: Other details (if any)
· FFS: Condition 1-A-3:
· Resource(s) satisfying UE-B’s traffic requirement (if available)
· FFS: Other details (if any)
· FFS: Other condition(s)
· FFS: Other details (if any)



In RAN1#106bis-e, the following WA was made regarding Condition 1-A-2.
	· Working Assumption
· For Scheme 1 with preferred resource set, support following condition:
· Condition 1-A-2:
· Resource(s) excluding slot(s) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B due to half duplex operation
· This can be disabled by RRC (pre-)configuration



The conditions agreed so far (1-A-1 and 1-A-2) do not address the case where UE-A is not the intended receiver of UE-B's transmission. More specifically, UE-A does not consider if the intended receiver of UE-B's transmission (UE-C) will be able to receive UE-B's transmission, e.g., due to half-duplex operation.
[bookmark: P_Scheme1_Pref_1AX]Proposal 5: Add new Condition 1-A-X: Resource(s) excluding slot(s) where UE-B's intended receiver, when not UE-A, does not expect to perform SL reception from UE-B.
In its explicit request, UE-B can inform UE-A about the ID(s) of the intended receiver(s). UE-A can then obtain, directly from its sensing of the resource pool, what are the transmissions that the intended receiver(s) (UE-C) will be performing and then exclude the corresponding resources from the preferred resource set.
[bookmark: P_IndIDs]Proposal 6: UE-B indicates to UE-A the ID(s) of the intended receiver(s), to allow UE-A to determine the preferred resource set.
In addition, UE-B can indicate its used IDs to UE-A. UE-A can then obtain directly from its sensing of the resource pool what are the transmissions that UE-B will be performing as well as in which resources UE-B will be receiving; and from that, exclude the corresponding resources from the preferred resource set.
[bookmark: P_IndIDs_UE_B]Proposal 7: UE-B indicates its used ID(s) to UE-A, to allow UE-A to optimize the preferred resource set.

How UE-A determines non-preferred resource set
In RAN1#106-e, the following agreement was reached regarding how UE-A determines a non-preferred resource set in IUC scheme 1.
	· Agreement: 
· In scheme 1, at least the following is supported to determine inter-UE coordination information of non-preferred resource set:
· UE-A considers any resource(s) satisfying at least one of the following condition(s) as set of resource(s) non-preferred for UE-B’s transmission
· Condition 1-B-1:
· Reserved resource(s) of other UE identified by UE-A from other UEs’ SCI (including priority field) and RSRP measurement
· FFS: Other details (if any) 
· FFS: Condition 1-B-2:
· Resource(s) (e.g., slot(s)) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B
· FFS: Other details (if any)
· FFS: Other condition(s)
· FFS: Other details (if any)



In RAN1#106bis-e, the following WAs were made regarding Conditions 1-B-1 and 1-B-2.
	· Working Assumption
· For Condition 1-B-1 of Scheme 1, the following two options are supported
· Option 1: Reserved resource(s) of other UE(s) identified by UE-A whose RSRP measurement is larger than a (pre)configured RSRP threshold which is determined by at least priority value indicated by SCI of the UE(s)
· Option 2: Reserved resource(s) of other UE identified by UE-A whose RSRP measurement is smaller than a (pre)configured RSRP threshold which is determined by at least priority value indicated by SCI of the UE(s) when UE-A is a destination of a TB transmitted by the UE(s)

· Working Assumption
· For Scheme 1 with non-preferred resource set, support following condition:
· Condition 1-B-2:
· Resource(s) (e.g., slot(s)) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B due to half duplex operation



The conditions agreed so far (1-B-1 and 1-B-2) do not address the case where UE-A is not the intended receiver of the UE-B's transmission. More specifically, UE-A does not consider if the intended receiver of UE-B's transmission (UE-C) will be able to receive UE-B's transmission, e.g., due to half-duplex operation.

[bookmark: P_Scheme1_NonPref_1BX]Proposal 8: Add new Condition 1-B-X: Resource(s) (e.g., slot(s)) where UE-B's intended receiver, when not UE-A, does not expect to perform SL reception from UE-B due to half duplex operation.

[bookmark: Obs_RX]Observation 3: When UE-A is not the intended receiver (or not the only intended receiver), then it needs to acquire information about the non-preferred resources at the (other) intended receiver(s).
If UE-A is made aware of the ID(s) used by the intended receiver(s), then it can in principle infer some of the non-preferred resources by active monitoring of the resource pool (i.e., by detecting SCIs containing that identity).
[bookmark: Obs_IDs_IntendedRecipients]Observation 4: The acquisition of the ID(s) used by the intended receiver(s) allows UE-A to obtain from its sensing of the resource pool (including decoding of 2nd-stage SCI), transmissions of the intended receiver as well as transmissions from other UEs to the intended receiver.
Note that a UE can use different IDs when communicating with different UEs and cast types. However, it is expected that these IDs will change on a much longer time scale than that of inter-UE coordination.
Additionally, if the UE-A is also made aware of UE-B’s ID(s) then it can also use this information to detect, based on pool monitoring, which resources UE-B would not be able to use for a transmission to its intended receiver. For example, detection of future reserved SL communications with a high priority between UE-B and another UE other than the intended receiver. This information could then be used by UE-A to optimize the set of non-preferred resources to UE-B, e.g., by excluding the resources that would anyway not be used by UE-B due to half duplex or simultaneous SL transmissions.
[bookmark: Obs_IDs_UE_B]Observation 5: The acquisition of the ID(s) of UE-B allows UE-A to obtain from its sensing of the resource pool (including decoding of 2nd-stage SCI), ongoing communications between UE-B and another UE other than UE-B’s intended receiver.
[bookmark: P_IndIDs_UE_B_IntendedRecipients]Proposal 9: UE-B indicates to UE-A the ID(s) used by UE-B and the intended receiver(s) of UE-B’s transmission to enable UE-A to determine non-preferred resources directly from its resource pool monitoring.

IUC scheme 1 signaling details
Dedicated resources for IUC scheme 1
During the RAN1#106-e email discussion, the FL asked for companies’ views on the details of IUC scheme 1 signaling, as follows.
	Question 1: Which option do you prefer as a container for sending inter-UE coordination information in Scheme 1? If a company supports a combination of more than one option, please provide the combination as well. 
· Option 1: SCI format 1-A on a PSCCH transmission
· Option 2: New 2nd-stage SCI format (i.e. SCI format 2-C) on a PSSCH transmission
· Option 3: MAC CE on a PSSCH transmission
· Option 4: PC5-RRC signaling



	Question 2: If the answer of Q1 is Option 1, which option is preferred?
· Option A: 1st-stage SCI can be transmitted without the corresponding PSSCH in a slot
· Option B: 1st-stage SCI is transmitted together with the corresponding PSSCH in the same slot



	Question 3: If the answer of Q1 is Option 2, which option is preferred?
· Option C: 2nd-stage SCI can be transmitted without SL-SCH on a PSSCH transmission
· Option D: 2nd-stage SCI is transmitted together with SL-SCH on the same PSSCH transmission



	Question 4: If the answer of Q1 is Option 3 and/or Option 4, which option is preferred?
· Option E: Inter-UE coordination information can be multiplexed with data other than coordination information
· Option F: Inter-UE coordination information is not multiplexed with data other than coordination information



Regarding Q1, Option 1 is limited, as SC1 1-A may only convey 2 resources (and only within a resource selection window of 31 logical slots or for periodic traffic); however, the benefit is that it can be used to indicate non-preferred resources to Rel-16 UEs, and that the specification effort is small. On the other hand, Options 2-4 may essentially convey a resource set of arbitrary cardinality (i.e., the number of elements in the set is flexible). Option 2 may incur less signaling overhead and latency than Options 3-4, but the specification effort may be significant. In addition, Option 4 may only work for unicast.
[bookmark: P_Scheme1_SigStandalone]
Figure 1 illustrates 3 different classes of collisions that may occur in a Rel-17 NR Sidelink context supporting standalone transmissions of IUC scheme 1 related signaling (IUC_REQ, IUC_MSG).
[image: ]
[bookmark: _Ref83927547]Figure 1. Different classes of collisions in Rel-17 NR Sidelink Mode 2 with IUC scheme 1
1.	Data-Data collisions
A first class of collisions includes those that may occur between data transmissions. A data-data collision is shown in slot 1, where a first data transmission in subchannels 1-2 overlaps with a second data transmission in subchannels 2-3. Rel-16 sensing (3GPP TS 38.214, Section 8.1.4) is designed to reduce the probability of such data-data collisions, but hidden-node and half-duplex related resource conflicts (among others) may occur, motivating the introduction of IUC in Rel-17. IUC scheme 1 and IUC scheme 2 may go a long way towards reducing this class of collisions. However, the introduction of IUC itself gives rise to two further classes of collisions which do not exist in Rel-16: IUC-Data collisions and IUC-IUC collisions.
2.	IUC-Data collisions
A second class of collisions consists of those that may occur between a data transmission and an IUC transmission (IUC_REQ, IUC_MSG). An IUC-data collision is shown in slot 3, where an intended recipient of a data transmission in subchannels 3-4 is unable to receive the data transmission as a result of a half-duplex conflict due to its own transmission of an IUC_REQ or IUC_MSG in subchannel 0 of the same slot. This kind of collisions may happen even if IUC transmissions do not overlap with data transmissions, e.g., by configuring dedicated frequency resources (e.g., subchannel 0) for IUC transmission.
Figure 2 illustrates an example with two transmitters (B1, B2) and one receiver (A), where B1 and B2 are hidden from each other (i.e., they can’t sense each other’s transmissions). Initially, the resource pool is empty (unused). At some point in time, B1 wishes to coordinate a resource for periodic data transmission to A and triggers a corresponding IUC_REQ (indicated by the first red triangle). The resource selected by B1 for transmitting the IUC_REQ and the resource selected by A for transmitting the subsequent IUC_MSG in response (shown as red squares connected by an arrow) are randomly selected since nothing is sensed in the (initially) empty resource pool. Based on the received IUC_MSG, B selects a resource and starts transmitting data periodically (red columns). Subsequently, B2 wishes to coordinate a resource for periodic data transmission to A and triggers a corresponding IUC_REQ (first green triangle). As B2 is unable to sense B1’s periodic data transmissions (red columns), there’s a non-zero chance that B2 selects a resource for transmitting its IUC_REQ to A that collides with one of B1’s periodic data transmissions. However, at this early stage, the resource pool is almost empty, and the probability of such an IUC-Data collision is low.
Later on (second row), B1 and B2 (or other UEs located in the proximity of B1 and B2, respectively) coordinate further resources (columns) for periodic data transmission. As the channel load increases (more columns are filled), the probability of IUC-Data collision due to the hidden node issue increases. In the last row, the situation at high channel load (close to channel capacity) is shown. Thanks to IUC provided by A, red and green columns are kept orthogonal. However, B1 is not able to sense B2’s periodic data transmissions (green columns) and vice versa. Thus, B1 is likely to select a resource for transmitting a further IUC_REQ to A that collides (first black square) with one of B2’s periodic data transmissions. Similarly, B2 is likely to select a resource for transmitting a further IUC_REQ to A that collides (second black square) with one of B1’s periodic data transmissions. As a result, IUC transmission degrades data transmission reliability (instead of improving it) and vice versa: data transmission compromises the ability to transmit IUC reliably. And this precisely when IUC becomes crucial (i.e., congested channel). Moreover, the remaining channel capacity (empty columns) cannot be utilized as a result of persistent IUC-Data collisions.

[image: ]
[bookmark: _Ref83928265]Figure 2. Example with data and IUC scheme 1 sharing the same resources. Last row: Close to saturation, resources that “look” free are (with high probability) reserved by a hidden node
In summary: Unlike data transmission in a resource that has been previously coordinated with the data receiver, IUC transmission (in a resource that has not been previously coordinated with the IUC receiver) is subject to the hidden node issue. Under high channel load (e.g., close to saturation), resources that are sensed as available are almost certainly reserved by hidden nodes. Thus, under high channel load (i.e., precisely when IUC becomes crucial), if IUC and data are transmitted in shared resources, IUC transmission is very likely to collide with data transmission by a hidden node, reducing data transmission reliability, IUC transmission reliability, as well as achievable throughput (resource utilization).
[bookmark: Obs_Scheme1_IUC_Data_Collision]Observation 6: Under high channel load (i.e., precisely when IUC becomes crucial), if IUC and data are transmitted in shared resources, IUC transmission is very likely to collide with data transmission by a hidden node, reducing (instead of increasing) data transmission reliability as well as achievable throughput (resource utilization).
On the other hand, configuring dedicated resources for IUC transmission completely eliminates IUC-Data collisions (except those caused by half-duplex operation). As shown in Figure 3, a Rel-17 sidelink resource pool may be configured with periodically occurring, dedicated resources for transmission of (standalone) IUC scheme 1 related messages (IUC_REQs, IUC_MSGs). Such configuration may include an IUC resource periodicity (e.g., n slots, indicated by means of a new IE periodIUCscheme1resource) and an IUC resource size (e.g., m contiguous subchannels, indicated by means of a new IE numSubchIUCscheme1). In the example shown, m=1 subchannel is configured every n=4 slots for IUC scheme 1.
[image: ]
[bookmark: _Ref83928491]Figure 3. Dedicated resources for transmission of standalone IUC scheme 1 related messages
Figure 4 illustrates the previous example once again but now using dedicated resources for IUC scheme 1. Upon triggering IUC (first red triangle), B1 transmits its IUC_REQ to A in the earliest available IUC transmission opportunity (first red square). Similarly, A subsequently transmits its IUC_MSG in the next available IUC transmission opportunity (second red square). B1 then selects a coordinated resource for periodic data transmission (red columns). Later on, B2 coordinates a resource for its periodic data transmission to A (green columns) in a similar manner, and so on. Even though B1 and B2 are unable to sense each other’s periodic data transmissions, IUC-Data collisions are avoided (even under high channel load, see last row) due to the strict orthogonality. In this case, IUC maintains data transmission reliability (instead of interfering with it) under high channel load (e.g., close to saturation). In addition, as the full channel capacity (except for the capacity dedicated to IUC scheme 1) can be reached in a collision-free manner, this approach may maximize the achievable throughput in the resource pool (e.g., when the fraction of resources dedicated to IUC is sufficiently small).
For example, in Figure 3, 1 subchannel out of 5 subchannels is “sacrificed” (i.e., taken away from the data) every 4 slots. Thus, 1/20 (5%) of the original channel capacity is lost. (If the IUC resource periodicity is increased to 8 slots, 1/40 (2.5%) of the original channel capacity is lost.) Critically, however, these “lost” resources (and possibly more) could not have been utilized anyway as a result of IUC-Data collisions (if data and IUC are transmitted in shared resources). But more importantly, given the fact that (especially under high channel load) IUC transmission in shared resources reduces data transmission reliability instead of increasing it, we believe it is absolutely critical, if the objectives of the present Work Item are to be fulfilled, to allow configurability of dedicated resources for transmission of standalone IUC scheme 1 related messages.
In particular, a design in which IUC and data transmissions contend with each other (i.e., are transmitted in shared resources) does not fulfill the following key requirement described in the WID [1]:
“[…] Rel-16 NR sidelink is expected to have limitation in achieving high reliability and low latency in some conditions, e.g., when the channel is relatively busy. Solutions that can enhance reliability and reduce latency are required in order to keep providing the use cases requiring low latency and high reliability under such communication conditions.”
Note that the WID emphasizes the limitations of Rel-16 NR sidelink “when the channel is relatively busy”. If precisely when IUC is supposed to be mostly helpful (i.e., when the channel is congested) it becomes itself unreliable (due to IUC-Data collisions), then in our view the enhancement is severely limited.
[image: ]
[bookmark: _Ref83928536]Figure 4. Example with dedicated resources for IUC scheme 1. Last row: Close to saturation, IUC-Data collisions are avoided by strict orthogonality, thus maintaining reliability and maximizing achievable throughput (resource utilization)

[bookmark: Obs_Scheme1_DedicatedTimeRes]Observation 7: Configuring dedicated resources for IUC transmission completely eliminates IUC-Data collisions (except those caused by half-duplex operation). Both IUC and data transmission reliability can be maintained under high channel load, maximizing achievable throughput (resource utilization).
[bookmark: P_Scheme1_DedicatedTimeRes]Proposal 10: A Rel-17 resource pool is (pre-)configured with dedicated resources for transmission of standalone IUC scheme 1 related messages.
3.	IUC-IUC collisions
A third class of collisions is formed by those that may occur between IUC transmissions themselves. An IUC-IUC collision is shown in slot 5 of Figure 1, where a first IUC transmission in subchannels 0-1 overlaps with a second IUC transmission in subchannels 1-2. This kind of collisions may happen even if dedicated resources are configured for IUC transmission.
IUC-IUC collision avoidance based on resource reservation and sensing within dedicated resources for IUC scheme 1
IUC scheme 1 related traffic may be aperiodic, i.e., an IUC scheme 1 related transmission (IUC_REQ, IUC_MSG) may be triggered by a UE at a more or less random point in time. High IUC latency may render an IUC_MSG useless, as the coordination information (i.e., set of preferred or non-preferred resources) may be stale by the time it can be used. In order to reduce IUC latency, it is desirable that a triggered IUC transmission (IUC_REQ, IUC_MSG) be transmitted as soon as possible (e.g., at the earliest IUC transmission opportunity). However, if IUC traffic intensity is high, it may not be possible to find available resources at the earliest IUC transmission opportunity.
A UE may determine IUC resource availability based on resource reservation and sensing within the IUC dedicated resources, as proposed already in the 1990s for military ad hoc networks (see [2], Section IV “Bootstrap Slots”). For example, a UE may determine certain subchannels that have been reserved at a given IUC transmission opportunity based on SCI decoded by the UE at an earlier IUC transmission opportunity. A UE may exclude reserved IUC resources from resource selection for its own IUC transmission and select a resource randomly among the remaining resources (i.e., this is essentially Mode 2 sensing and resource exclusion but within the dedicated resources for IUC scheme 1).
Unlike an IUC_REQ, which may be triggered at UE-B at any time more or less randomly, an IUC_MSG will typically be triggered at UE-A by the reception of an IUC_REQ from UE-B. To take advantage of this, UE-B may include in its IUC_REQ (e.g., using a 2nd-stage SCI) a resource allocation indication (similar to the TRIV/FRIV fields in a 1st-stage SCI) indicating to UE-A an IUC resource reserved for transmission of UE-A’s IUC_MSG in response to UE-B’s IUC_REQ.
This has the following advantages:
a. UEs that successfully decode UE-B’s IUC_REQ can determine (e.g., from the 2nd-stage SCI) the IUC resource in which UE-B is expected to receive the IUC_MSG, and may thus avoid transmitting IUC in that IUC resource (to prevent interference with UE-B’s IUC_MSG reception). Similarly, they may avoid transmitting IUC intended for UE-A in the indicated slot, as UE-A is expected to transmit its IUC_MSG to UE-B in that slot (assuming UE-A is able to decode the IUC_REQ from UE-B) and that would result in a half-duplex conflict at UE-A.
b. UE-B expects to receive the IUC_MSG in the indicated IUC resource. Thus, UE-B may refrain from transmitting further IUC in the corresponding IUC transmission opportunity, as that would result in a half-duplex conflict at UE-B.
c. UE-B knows when and where the IUC_MSG will be transmitted by UE-A. Thus, if no IUC_MSG is received from UE-A in the indicated IUC resource, UE-B may infer that the IUC_REQ transmission failed and re-transmit the IUC_REQ (i.e., no explicit HARQ feedback is needed for the IUC_REQ transmission, as the IUC_MSG itself serves as an implicit ACK). An IUC resource for IUC_REQ re-transmission (occurring at an IUC transmission opportunity following that in which the IUC_MSG is to be transmitted) may be indicated (e.g., using a 1st-stage SCI) in the initial IUC_REQ transmission. If UE-A receives the IUC_REQ re-transmission despite having transmitted the IUC_MSG, it may infer that UE-B was not able to decode the IUC_MSG (i.e., no explicit HARQ feedback is needed for the IUC_MSG transmission either, as the re-transmitted IUC_REQ itself serves as an implicit NACK).
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[bookmark: _Ref83927784]Figure 5. IUC_REQ-based resource reservation for IUC_MSG transmission
Figure 5 illustrates an example. Here, each vertical bar represents an IUC transmission opportunity. In the first IUC interval, UE-B1 (red) triggers an IUC_REQ to be transmitted to UE-A1. Based on its sensing in prior IUC transmission opportunities, UE-B1 determines available IUC resources and selects an IUC resource for IUC_REQ transmission (e.g., a subchannel may be selected randomly among unreserved subchannels at the earliest possible IUC transmission opportunity). Here, UE-B1 is shown transmitting its IUC_REQ at the second IUC transmission opportunity on subchannel 1. The IUC_REQ indicates to UE-A1 when/where to transmit the corresponding IUC_MSG (here, at the third IUC transmission opportunity on subchannels 3-4).
In the second IUC interval, UE-B2 (green) and UE-B3 (yellow) trigger IUC_REQs to be transmitted to UE-A2 and UE-A3, respectively. Having sensed the IUC_REQ transmission by UE-B1, UE-B2 and UE-B3 may exclude from their IUC resource selection subchannels 3-4 at the third IUC transmission opportunity, so as to avoid interfering with UE-B1’s reception of UE-A1’s IUC_MSG transmission. Other subchannels may also be excluded based on reservations indicated in SCI decoded in previous IUC transmission opportunities. From the remaining IUC resources, UE-B2 and UE-B3 select an IUC resource for their respective IUC_REQ transmission (here, UE-B2 selects subchannel 2 and UE-B3 selects subchannel 0, both at the third IUC transmission opportunity). The respective IUC_REQs indicate, in turn, the IUC resource to be used for IUC_MSG transmission by UE-A2 and UE-A3, respectively.
In case UE-A2 (or UE-A3) is the same as UE-A1, UE-B2 (or UE-B3) may discard the third transmission opportunity altogether for IUC_REQ transmission, as UE-A1 is scheduled to transmit the IUC_MSG to UE-B1 at that time and therefore it would not be able to receive the IUC_REQ from UE-B2 (or UE-B3).
When selecting an IUC resource for receiving the IUC_MSG from UE-A, UE-B may take into account its own IUC sensing. For example, UE-B may wish to ensure that UE-A is not expected to receive an IUC_REQ or IUC_MSG from a third node (UE-C) in the slot in which it should transmit its IUC_MSG to UE-B, as that would result in a half-duplex conflict at UE-A. Similarly, UE-B may rely on its own IUC sensing to avoid scheduling UE-A’s IUC_MSG transmission in IUC resources reserved for other UE’s IUC transmissions.
[bookmark: Obs_Scheme1_IUC_IUC_Collision]Observation 8: IUC-IUC collisions may be avoided to some extent by using resource reservation and sensing within the dedicated resources for IUC scheme 1.
[bookmark: P_Scheme1_IUC_ReqReservesForIUC_Msg]Proposal 11: UE-B’s explicit IUC_REQ to UE-A indicates (e.g., in a 2nd-stage SCI or MAC CE) a resource recommended for UE-A’s transmission of its IUC_MSG to UE-B.
Indication mechanism for the set of resources in IUC scheme 1
During the RAN1#106bis-e email discussion, the FL made the following proposal regarding the indication mechanism for the set of resources in IUC scheme 1.
	Updated draft proposal 3-10:
· For the set of resources in Scheme 1, down-select one or more of followings for its indication mechanism:
· Option 1: N combinations of TRIV, FRIV, resource reservation period as specified in Rel-16 TS 38.214 Section 8.1.5 with following modification:
· First resource location of each TRIV is separately indicated by the inter-UE coordination information
· FFS: Value of N.
· Option 2: Bitmap indication where each bit indicates whether a pair of sub-channel(s) and slot(s) is included in inter-UE coordination information
· FFS: Granularity in time-and-frequency resources
· FFS: other information (if any) e.g. periodicity
· Option 3: Reuse a single combination of TRIV and FRIV as specified in Rel-16 TS 38.214 Section 8.1.5 with following modification:
· For TRIV, window size of 32 slots is replaced with the value corresponding to the resource selection window
· For FRIV, only combinations of starting sub-channels are indicated
· For a pair of TRIV and FRIV, more than 2 additional resources can be indicated
· Option 4: 2-dimensional resource indicator value
· Each value is associated with a pair of sub-channel(s) and slot(s) is included in inter-UE coordination information
· Option 5: N combinations of slot offset from inter-UE coordination transmission, FRIV, resource reservation period 
· FFS: Value of N.
· FFS whether/when TRIV or slot offset(s) may be indicated without an accompanying FRIV (e.g., to indicate (non-)preferred slots)




Details of Option 4 for indicating “candidate single-slot resources”
Figure 6 shows an example of a resource set consisting of  candidate single-slot resources (preferred or non-preferred) within a resource selection window (RSW) of length  logical slots of a resource pool consisting of  subchannels.
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[bookmark: _Ref86320850]Figure 6. Example showing  candidate single-slot resources within a RSW
In Option 4, UE-A determines a resource index  for each candidate single-slot resource as follows
	
	
	(1)


In this way, the total number  of candidate single-slot resources are enumerated by considering the frequency domain first, as shown in Figure 7.
[image: ]
[bookmark: _Ref83929839]Figure 7. Enumerating candidate single-slot resources
UE-A then jointly encodes the time and frequency domain information as follows
	
	
	(2)


[bookmark: _Hlk86323251]where  are the resource indices (in strictly increasing order) of the indicated candidate single-slot resources, and  is the total number of candidate single-slot resources consisting of  contiguous subchannels. The second sum term, used to encode the resource size , is optional (e.g., not needed if UE-B already knows ):
· If included, the overhead is  bits.
· If not included, the overhead is  bits. This variant is especially useful if  is large.
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[bookmark: _Ref86322532]Figure 8. Comparison of overhead (bits) incurred by the different options
Figure 8 provides the exact overhead in bits incurred by different options in the FL proposal above, assuming a resource pool with  subchannels and a resource selection window of length  slots.
The following observations can be made:
·  grows linearly with . As each (Rel-16) TRIV-FRIV pair can indicate up to 2 resources (explicitly), the overhead for Option 1 is calculated as  times the sum of the TRIV and FRIV field sizes (for indicating 2 resources) in Rel-16 SCI 1-A according to TS 38.212, Section 8.3.1.1. Note: The “first resource location of each TRIV” is assumed to be the same (first slot of RSW) for all TRIVs (thus, the associated signaling overhead is assumed to be zero).
·  does not depend on . The overhead for Option 2 assumes that one bit is needed for each slot-subchannel pair, in order for the comparison with the other options to be meaningful.

[bookmark: Obs_Scheme1_SetEncodingOptimal]Observation 9: Option 4 provides the theoretically optimal encoding (i.e., least possible number of bits) for indicating a set of candidate single-slot resources (see Figure 8).
[bookmark: P_Scheme1_SetEncoding]Proposal 12: When the resource set indicated by UE-A is a set of  candidate single-slot resources (preferred or non-preferred), the resource set is indicated by

If  is assumed to be known by UE-B, the second sum term is dropped.

Details of Option 3 for indicating non-preferred slots/resources
In order to indicate non-preferred slots (e.g., due to half-duplex operation), UE-A may determine a time RIV (TRIV) as follows
	
	
	(3)


where  are the logical slot offsets (in strictly increasing order) of the non-preferred slots with respect to the first logical slot of the RSW. The overhead incurred is  bits.
The TRIV may be used in a standalone manner, or it may be accompanied by a frequency RIV (FRIV) to indicate frequency-domain information.
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[bookmark: _Ref86356771]Figure 9. Resource set containing  non-preferred resources of sizes  
As shown in Figure 9, each non-preferred resource will in general have a different number of subchannels . In this case, the Rel-16 FRIV formula may be generalized as follows
	
	
	(4)


where  and  are compared according to the lexicographic ordering, i.e., . This incurs an overhead  bits. The resulting total overhead is
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[bookmark: _Ref86363134]Figure 10. Comparison of overhead (bits) incurred by Option 1 and Option 3
Figure 10 provides the exact overhead in bits incurred by Option 1 and Option 3 in the FL proposal.
Note: The overhead for Option 1 is calculated as  times the sum of the TRIV and FRIV field sizes (for indicating 1 resource) in Rel-16 SCI 1-A according to TS 38.212, Section 8.3.1.1. The reason for indicating each resource individually with a TRIV-FRIV pair is that the number of subchannels  may be different in each FRIV, thus allowing for a fair comparison with Option 3.

[bookmark: P_Scheme1_SetEncodingSlots]Proposal 13: When the indicated resources (e.g., non-preferred slots/resources) are assumed not to overlap in the time domain, the time-domain information is indicated by

and (if applicable) the frequency-domain information is indicated by



Container and contents of explicit request in IUC scheme 1
During the RAN1#106-e email discussion, the FL asked for companies’ views on the container and contents of an explicit request in IUC scheme 1, as follows.
	Question 5: Which option do you prefer as a container for sending explicit request in Scheme 1? If a company supports a combination of more than one option, please provide the combination as well.
· Option 1: SCI format 1-A on a PSCCH transmission
· Option 2: New 2nd-stage SCI format (i.e. SCI format 2-C) on a PSSCH transmission
· Option 3: MAC CE on a PSSCH transmission
· Option 4: PC5-RRC signaling



	Question 7:  What information should be conveyed on the explicit request in scheme 1?



The container for the explicit request (IUC_REQ) needs to be flexible enough to convey at the very least UE-B’s traffic requirements (e.g., priority, remaining PDB, number of subchannels, resource reservation interval for periodic traffic, etc.). Option 1 is unable to provide such flexibility. On the other hand, Options 3-4 may incur higher overhead and latency than Option 2. And Option 4 may only support unicast, whereas it may be beneficial for explicit requests to be received by other UEs in a group. On the other hand, Option 2 may require significant specification effort, therefore Option 3 should not be ruled out at this point.
In some cases (e.g., at high CBR), UE-B may indicate in its IUC_REQ a message size (e.g., TBS) to be transmitted, and leave it up to UE-A to determine the appropriate number of subchannels (e.g., based on an expected SINR).
[bookmark: P_IUC_Req_TBS]Proposal 14: An IUC_REQ may indicate a message size (e.g., TBS) to be transmitted by UE-B, based on which UE-A may determine a number of subchannels for UE-B’s transmission.
As explained above (Figure 5 and related text), it may also be highly beneficial (e.g., IUC-IUC collision avoidance) for UE-B to indicate in its IUC_REQ to UE-A a resource reserved for UE-A’s transmission of its IUC_MSG to UE-B.
UE-B may indicate to UE-A in its IUC_REQ (e.g., using a 1-bit or 2-bit field) whether UE-A should provide a preferred resource set, a non-preferred resource set, or both. In the latter case, for example, the non-preferred resource set may consist of slots in which UE-A does not expect to perform SL reception (e.g., due to its own transmission), whereas the preferred resource set may consist of low-interference time-frequency resources. In case none of the preferred resources are acceptable from UE-B’s perspective (based on UE-B’s own sensing), UE-B may select resources other than the preferred ones, but non-overlapping with the non-preferred resources (e.g., slots).
[bookmark: P_Scheme1_Req_SetType]Proposal 15: An IUC_REQ may indicate whether UE-A is to transmit a preferred resource set, a non-preferred resource set, or both.
In case of preferred resources, UE-B may indicate a number of resources to be reported by UE-A in its IUC_MSG.
[bookmark: P_IUC_Req_NumberOfRes]Proposal 16: An IUC_REQ may indicate a number of preferred resources to be reported in UE-A’s IUC_MSG.
As shown in Figure 11, UEs within a group (e.g., a platoon) may coordinate to select and reserve resources for a certain time duration. For example, as shown in Figure 11(a), a group leader (UE-A) may propose a “set of resources” to be allocated to the (other) group members (UE-B1 and UE-B2), e.g., based on IUC_REQs received from the group members. Similarly, as shown in Figure 11(b), a group leader (UE-B) may send a groupcast IUC_REQ and receive IUC_MSGs from the (other) group members (UE-A1 and UE-A2).
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[bookmark: _Ref83930042]Figure 11. IUC scheme 1 within a group of UEs
In order to optimize the resource set determined at UE-A, a UE-B may provide in its IUC_REQ a set of preferred or non-preferred resources for UE-B’s transmission determined at UE-B. In this way, the resource set subsequently determined at UE-A may already be optimized from UE-B’s perspective. For example, if UE-A determines a preferred resource set, it may exclude resources that have been indicated as non-preferred by UE-B in the first place.
[bookmark: P_IUC_Req_SetPrefNonpref]Proposal 17: The IUC_REQ may include a set of resources (preferred or non-preferred) for UE-B’s transmission determined at UE-B.
Referring to Figure 11(a), it is beneficial for different UE-Bs in a group to be aware of each other’s preferred or non-preferred resources as much as possible. UE-Bs in the group may monitor IUC_REQs as well as IUC_MSGs of each other. This can be enabled by transmitting such messages to the group using SL groupcast, rather than SL unicast.
[bookmark: P_Scheme1_Groupcast]Proposal 18: Within a group, IUC_REQs/IUC_MSGs are transmitted using SL groupcast rather than SL unicast.
[bookmark: P_IUC_Req_SetPrefNonpref_Overheard]Proposal 19: When determining a set of resources to be sent in its IUC_REQ, UE-B takes into account the set of resources in IUC_REQ(s) received from other UE-B(s) in the group and IUC_MSG(s) received from UE-A for other UE-B(s) in the group.

IUC scheme 2
[bookmark: P_Scheme2_Past_HD_NACKonly]
Definition of UE-A/UE-B in IUC scheme 2
In RAN1#106-e, the following agreement was reached regarding IUC scheme 2.
	· Agreement:
· In scheme 2, at least the following is supported for UE(s) to be UE-A(s)/UE-B(s) in the inter-UE coordination transmission triggered by a detection of expected/potential resource conflict(s) in Mode 2:
· A UE that transmitted PSCCH/PSSCH with SCI indicating reserved resource(s) to be used for its transmission, received inter-UE coordination information from UE-A indicating expected/potential resource conflict(s) for the reserved resource(s), and uses it to determine resource re-selection is UE-B
· A UE that detects expected/potential resource conflict(s) on resource(s) indicated by UE-B’s SCI sends inter-UE coordination information to UE-B, subject to satisfy one of the following conditions, is UE-A
· (Working assumption) At least a destination UE of one of the conflicting TBs, i.e., TBs to be transmitted in the expected/potential conflicting resource(s)  
· Whether a non-destination UE of a TB transmitted by UE-B can be UE-A is (pre-)configured
· FFS: Additional details and condition(s) on UE-A and UE-B
· The above feature can be enabled or disabled or controlled by (pre-)configuration
· FFS: Details on how to support this, including (pre-)configuration signaling granularity
· FFS: Definition of expected/potential resource conflict(s) and other details (if any)



In case any UE (i.e., not just a destination UE of one of the conflicting TBs) is allowed to become UE-A, many UEs may send to UE-B coordination information about the same resource conflict, causing unnecessary resource wastage (e.g., power) since it is sufficient if only one (or a few) UE-A(s) send(s) the coordination information. It is also worth noting that sending coordination information may cause those UE-As to not be able to receive sidelink transmissions (e.g., PSFCH) concurrently due to the half-duplex constraint, which may not be desirable for many UE-As.
[bookmark: Obs_ResConflictMulti]Observation 10: Many UE-As sending to UE-B coordination information about the same resource conflict may cause resource wastage and half-duplex conflicts at the UE-As.
A circumstance where a non-destination UE’s assistance on resource conflicts is more likely to be an overhead than an advantage is when there is a large number (or high density) of UEs in the surrounding area of UE-B. Here, it is very likely that many UEs may have the information on the same resource conflict and they may choose to act as UE-As, causing resource wastage. Therefore, to inhibit too many non-destination UEs from sending coordination information to UE-B regarding the same resource conflict, a probability that depends on UE density and/or distance (to UE-B) can be used to trigger assistance from the UEs. For instance, a UE can be (pre-)configured with a higher probability to send coordination information when there are fewer UEs around, while the UE is (pre-)configured with a lower probability when the UE density is higher to reduce the likelihood of too many UEs sending the same coordination information to UE-B. In addition, distance can also be considered as a triggering criterion, e.g., further UEs (from UE-B’s perspective) may be (pre-)configured with a lower probability of sending the coordination information.
[bookmark: P_ResConflictMultiDensDist]Proposal 20: If non-destination UEs can act as UE-A in IUC scheme 2 then IUC scheme 2 (pre-)configuration includes a density and/or distance dependent probability for non-destination UEs to send the resource conflict indication.
UE-B behavior in IUC scheme 2
In RAN1#106-e, the following agreement was reached regarding UE-B behavior in IUC scheme 2.
	· Agreement:
· In scheme 2, the following UE-B’s behavior in its resource (re)selection is supported when it receives inter-UE coordination information from UE-A:
· UE-B can determine resource(s) to be re-selected based on the received coordination information
· UE-B can reselect resource(s) reserved for its transmission when expected/potential resource conflict on the resource(s) is indicated
· FFS: Other details (if any) 



UE-B should in general re-select resources that have been indicated as conflicting, not just in its own interest but also in the interest of other UEs. However, there are situations in which UE-B may either choose to ignore the conflict indication or be unable to re-select on short notice. For example, if UE-B’s transmission has high priority and/or the remaining PDB is short, UE-B may choose to go ahead with its transmission without resource re-selection.
Moreover, different UEs may have different capabilities in terms of how quickly they may re-select resources (or process a resource conflict indication). If a UE receives a conflict indication on very short notice, it may not be able to re-select. However, this may be left to UE implementation.
[bookmark: P_Scheme2_UE_B_Behaviour]Proposal 21: UE-B does not re-select a reserved resource indicated as conflicting when UE-B’s transmission has high priority and the remaining PDB is insufficient for re-selection.
How UE-A determines resource conflict
In RAN1#106-e, the following agreement was reached regarding how UE-A determines a resource conflict in IUC scheme 2.
	· Agreement:
· In scheme 2, at least the following is supported to determine inter-UE coordination information:
· Among resource(s) indicated by UE-B’s SCI, UE-A considers that expected/potential resource conflict occurs on the resource(s) satisfying at least one of the following condition(s): 
· Condition 2-A-1:
· Other UE’s reserved resource(s) identified by UE-A are fully/partially overlapping with resource(s) indicated by UE-B’s SCI in time-and-frequency
· FFS: Other details (if any) 
· FFS: Whether/how to specify additional criteria and other details (if any) including signaling details of conflict indication
· (Working Assumption) Condition 2-A-2: 
· Resource(s) (e.g., slot(s)) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B due to half duplex operation
· FFS: Other details (if any)
· FFS: Other condition(s)
· FFS: Other details (if any)



During the RAN1#106bis-e email discussion, the following FL proposal regarding Condition 2-A-1 received significant support (but was finally not agreed).
	Updated draft proposal 2-1-2:
· For Condition 2-A-1 of Scheme 2, support following additional criteria to determine resource(s) where expected/potential resource conflict occurs
· The resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) whose RSRP measurement, denoted by X, meets following condition(s) where Y is RSRP measurement of UE-B’s reserved resource:
· Y + Offset1 < X < Y + Offset2
· Offset1 and Offset2 are (pre)configured
· Each of the inequalities can be separately enabled and disabled by (pre)configuration
· Note that Offset1 can be negative and positive values



If UE-A is an intended receiver of UE-B’s SCI and the RSRP ratio (between the RSRP associated with UE-B’s SCI and the RSRP associated with the other UE’s SCI) is below a threshold, UE-A may infer that the SINR will be too low for successful decoding of UE-B’s transmission at UE-A. Then, UE-A may indicate a resource conflict. This corresponds to the first inequality in the FL proposal above (Y + Offset1 < X).
Similarly, if UE-A is an intended receiver of the other UE’s SCI, UE-A may need to indicate a conflict in order to protect its reception of the other UE’s transmission. In this case, a conflict may occur if the RSRP ratio (between the RSRP associated with the other UE’s SCI and the RSRP associated with UE-B’s SCI) is low enough (i.e., below a threshold) to impair UE-A’s reception of the other UE’s transmission. This corresponds to the second inequality in the FL proposal above (X < Y + Offset2).
[bookmark: P_Scheme2_Cond2A1_RSRP_offsets]Proposal 22:  For Condition 2-A-1 of Scheme 2, support the following RSRP criterion (with Y denoting other UE’s RSRP, X denoting UE-B’s RSRP): Y + Offset1 < X < Y + Offset2, also taking into account whether or not UE-A is an intended receiver of UE-B and/or other UE. Offset1 and Offset2 may be multi-valued.
Regarding Condition 2-A-2, the priority of UE-A’s transmission should be taken into account (at least if it’s a SL transmission). If UE-B’s transmission has higher priority than UE-A’s, UE-A should not indicate a resource conflict but rather perform resource re-selection itself.
[bookmark: P_Scheme2_Cond2A2]Proposal 23: In Condition 2-A-2, UE-A does not indicate a resource conflict if UE-B’s transmission has higher priority than UE-A’s. Instead, UE-A performs resource re-selection itself.
IUC scheme 2 signaling details
In RAN1#106bis-e, the following agreements were reached regarding IUC scheme 2 signaling.
	· Agreement: 
· For Scheme 2, PSFCH format 0 is used to convey the presence of expected/potential resource conflict on reserved resource(s) indicated by UE-B’s SCI

· Agreement: 
· For allocating PSFCH resources in Scheme 2, at least following can be (pre)configured separately from those for SL HARQ-ACK feedback.
· Set of PRBs for PSFCH transmission/reception (sl-PSFCH-RB-Set) 

· Agreement: 
· For Scheme 2, 
· Index of a PSFCH resource for inter-UE coordination information transmission is determined in the same way according to Rel-16 TS 38.213 Section 16.3 with at least following modification
· P_ID is L1-Source ID indicated by UE-B’s SCI
· M_ID is 0
· FFS: How to set m_CS
· FFS: How to set m_0
· FFS: Whether M_ID can be (pre)configured



UE-B may indicate multiple reserved resources for its transmission, but UE-A may detect the presence of expected/potential resource conflict on only one or more of those resources. Therefore, it is desirable that the resource conflict indication allows for differentiation of different resource conflict events or the resources where the conflict is detected so that UE-B can perform resource re-selection accordingly. In this regard, PSFCH sequences can be exploited to convey information on a resource conflict, where different PSFCH sequences (or cyclic shifts) may be used to indicate different conflicted resources.
[bookmark: Obs_Scheme2_PSFCH_sequences]Observation 11: PSFCH sequences can indicate different resource conflict events in a resource efficient manner so that UE-B can perform resource re-selection of only the conflicted resources. 
[bookmark: P_Scheme2_PSFCH_sequences]Proposal 24: PSFCH sequences are used to convey different resource conflict events.
  
 Conclusions

Scheme 1
Proposal 1: Whether UE-A is to transmit a preferred resource set or a non-preferred resource set can be based on a CBR measured at UE-A.
Proposal 2: A change in resource status (from being preferred to being non-preferred, or vice versa) or an expected response to a message sent by UE-A may be conditions for un-requested triggering of IUC information transmission by UE-A.
Observation 1: Collisions due to the hidden-node problem can be avoided if a UE retransmits resource reservations upon decoding an SCI indicating resources for future transmission intended for that UE.
Proposal 3: Reception at an intended destination UE of an SCI indicating reserved resources for its reception triggers (un-requested) transmission of IUC information indicating the reserved resources as non-preferred resources for transmission by other UEs.
Proposal 4: When an intended receiver UE triggers (un-requested) transmission via SCI of IUC information indicating reserved resources for its own reception, it adapts the TRIV field accordingly so as to reflect the same reserved time-frequency resources as the original SCI.

Observation 2: It is necessary to address the case where the number of remaining candidate single-slot resources after UE-B’s resource exclusion is too small.


Proposal 5: Add new Condition 1-A-X: Resource(s) excluding slot(s) where UE-B's intended receiver, when not UE-A, does not expect to perform SL reception from UE-B.

Proposal 6: UE-B indicates to UE-A the ID(s) of the intended receiver(s), to allow UE-A to determine the preferred resource set.
Proposal 7: UE-B indicates its used ID(s) to UE-A, to allow UE-A to optimize the preferred resource set.
Proposal 8: Add new Condition 1-B-X: Resource(s) (e.g., slot(s)) where UE-B's intended receiver, when not UE-A, does not expect to perform SL reception from UE-B due to half duplex operation.


Observation 3: When UE-A is not the intended receiver (or not the only intended receiver), then it needs to acquire information about the non-preferred resources at the (other) intended receiver(s).
Observation 4: The acquisition of the ID(s) used by the intended receiver(s) allows UE-A to obtain from its sensing of the resource pool (including decoding of 2nd-stage SCI), transmissions of the intended receiver as well as transmissions from other UEs to the intended receiver.
Observation 5: The acquisition of the ID(s) of UE-B allows UE-A to obtain from its sensing of the resource pool (including decoding of 2nd-stage SCI), ongoing communications between UE-B and another UE other than UE-B’s intended receiver.
Proposal 9: UE-B indicates to UE-A the ID(s) used by UE-B and the intended receiver(s) of UE-B’s transmission to enable UE-A to determine non-preferred resources directly from its resource pool monitoring.

Regarding scheme 1 signaling:
Observation 6: Under high channel load (i.e., precisely when IUC becomes crucial), if IUC and data are transmitted in shared resources, IUC transmission is very likely to collide with data transmission by a hidden node, reducing (instead of increasing) data transmission reliability as well as achievable throughput (resource utilization).
Observation 7: Configuring dedicated resources for IUC transmission completely eliminates IUC-Data collisions (except those caused by half-duplex operation). Both IUC and data transmission reliability can be maintained under high channel load, maximizing achievable throughput (resource utilization).
Proposal 10: A Rel-17 resource pool is (pre-)configured with dedicated resources for transmission of standalone IUC scheme 1 related messages.

Observation 8: IUC-IUC collisions may be avoided to some extent by using resource reservation and sensing within the dedicated resources for IUC scheme 1.
Proposal 11: UE-B’s explicit IUC_REQ to UE-A indicates (e.g., in a 2nd-stage SCI or MAC CE) a resource recommended for UE-A’s transmission of its IUC_MSG to UE-B.

Observation 9: Option 4 provides the theoretically optimal encoding (i.e., least possible number of bits) for indicating a set of candidate single-slot resources (see Figure 8).
Proposal 12: When the resource set indicated by UE-A is a set of  candidate single-slot resources (preferred or non-preferred), the resource set is indicated by

If  is assumed to be known by UE-B, the second sum term is dropped.

Proposal 13: When the indicated resources (e.g., non-preferred slots/resources) are assumed not to overlap in the time domain, the time-domain information is indicated by

and (if applicable) the frequency-domain information is indicated by



Proposal 14: An IUC_REQ may indicate a message size (e.g., TBS) to be transmitted by UE-B, based on which UE-A may determine a number of subchannels for UE-B’s transmission.
Proposal 15: An IUC_REQ may indicate whether UE-A is to transmit a preferred resource set, a non-preferred resource set, or both.
Proposal 16: An IUC_REQ may indicate a number of preferred resources to be reported in UE-A’s IUC_MSG.
Proposal 17: The IUC_REQ may include a set of resources (preferred or non-preferred) for UE-B’s transmission determined at UE-B.

Proposal 18: Within a group, IUC_REQs/IUC_MSGs are transmitted using SL groupcast rather than SL unicast.
Proposal 19: When determining a set of resources to be sent in its IUC_REQ, UE-B takes into account the set of resources in IUC_REQ(s) received from other UE-B(s) in the group and IUC_MSG(s) received from UE-A for other UE-B(s) in the group.
Scheme 2
Observation 10: Many UE-As sending to UE-B coordination information about the same resource conflict may cause resource wastage and half-duplex conflicts at the UE-As.
Proposal 20: If non-destination UEs can act as UE-A in IUC scheme 2 then IUC scheme 2 (pre-)configuration includes a density and/or distance dependent probability for non-destination UEs to send the resource conflict indication.

Proposal 21: UE-B does not re-select a reserved resource indicated as conflicting when UE-B’s transmission has high priority and the remaining PDB is insufficient for re-selection.
Proposal 22:  For Condition 2-A-1 of Scheme 2, support the following RSRP criterion (with Y denoting other UE’s RSRP, X denoting UE-B’s RSRP): Y + Offset1 < X < Y + Offset2, also taking into account whether or not UE-A is an intended receiver of UE-B and/or other UE. Offset1 and Offset2 may be multi-valued.

Proposal 23: In Condition 2-A-2, UE-A does not indicate a resource conflict if UE-B’s transmission has higher priority than UE-A’s. Instead, UE-A performs resource re-selection itself.

Observation 11: PSFCH sequences can indicate different resource conflict events in a resource efficient manner so that UE-B can perform resource re-selection of only the conflicted resources. 
Proposal 24: PSFCH sequences are used to convey different resource conflict events.
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