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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
Additional conditions for UE-A to send a resource set
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.
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 1: 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.
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.
[bookmark: P_Scheme1_Combinations]Proposal 2: Support all combinations of features in IUC scheme 1 for maximum flexibility and signaling overhead reduction.
UE-B behavior in IUC scheme 1
In RAN1#107-e, the following agreement was reached regarding UE-B behavior when receiving a non-preferred resource set.
	· Agreement: 
· For Scheme 1 with non-preferred resource set, 
· 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 



One aspect that hasn't been discussed yet is what happens when UE-B receives non-preferred resource sets from multiple UE-As. Then, the problem of excessive resource exclusion becomes more serious. Under high load, and especially if the number of subchannels for UE-B’s transmission is large, there may be very few remaining resources after exclusion (or none at all), giving rise to an infinite loop in the resource (re-)selection procedure (i.e., no matter how many times the RSRP threshold is increased in Step 7, the minimum number of candidate resources in set S_A can never be reached). If this happens, UE-B may decide to reduce the number of subchannels (this can be left up to UE implementation) and by so doing it may be able to find enough non-overlapping candidate resources of smaller size. However, reducing the number of subchannels may force UE-B to use a less robust MCS, possibly resulting in more retransmissions of a given TB. Alternatively, UE-B may need to consider resources that do overlap with the non-preferred resources indicated by UE-A, which may result in UE-A’s reception being compromised.
[bookmark: Obs_Scheme1_UEB_RemainingSetTooSmall]Observation 1: Under high load, and especially if the number of subchannels for UE-B’s transmission is large, there may be very few remaining resources after exclusion of candidate resources overlapping with non-preferred resources, potentially giving rise to an infinite loop in the resource (re-)selection procedure.
Observation 2: To avoid a potential infinite loop in the resource (re-)selection procedure, 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.
UE-B’s resource exclusion procedure may be enhanced by considering the number of overlapping subchannels between a candidate resource and a non-preferred resource. If the overlap is small, the interference (experienced or caused) may be sufficiently low to allow for UE-B’s transmission to occur in an overlapping candidate resource.
If the number of remaining candidate resources (after resource exclusion) is below a threshold, UE-B may consider minimally overlapping candidate resources. For example, as shown in Figure 1, UE-B may find only one candidate resource (r1) that does not overlap with the non-preferred resources indicated by UE-A(s), but a few candidate resources (r2, r3) that overlap by a single subchannel. It may happen that candidate resource r1 is excluded by UE-B based on its own sensing, unless the RSRP threshold used for UE-B’s sensing is increased substantially (which would have an adverse impact on UE-B’s surrounding UEs). Thus, UE-B may prefer minimally overlapping candidate resources (r2, r3) which have not been excluded based on its own sensing.

[image: ]
[bookmark: _Ref92630039]Figure 1. Candidate resources (r2, r3) minimally overlapping with non-preferred resources

[bookmark: P_Scheme1_Overlap]Proposal 3: UE-B’s exclusion after Step 6) of candidate resources overlapping with UE-A’s non-preferred resources is relaxed by taking into account the number of overlapping subchannels. For example, the allowed fraction of overlapping subchannels (starting at 0%) may be successively increased (e.g., 10%, 20%, and so on) in Step 7.
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 4: 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 RAN1#107-e, the following agreement was reached regarding Condition 1-A-1.
	· Agreement: 
· For Condition 1-A-1 of Scheme 1, when UE-A determines the set of resources preferred for UE-B’s transmission, apply RSRP threshold increase in the same way according to Rel-16 TS 38.214 Section 8.1.4.
· FFS: Whether/how to introduce the maximum limit of RSRP threshold increase



According to the above agreement, if UE-A can’t find enough candidate resources, it will keep increasing the RSRP threshold by 3dB in Step 7). However, this may be suboptimal, as illustrated in Figure 2, where the number of contiguous subchannels for UE-B’s transmission is assumed to be 5.

[image: ]
[bookmark: _Ref92638268]Figure 2. Example of suboptimal resource exclusion at UE-A: r1 (excluded), r2 (non-excluded)
As UE-A increases the RSRP threshold in Step 7), at some point candidate resource r2 may be included in the preferred resource set, but not so for candidate resource r1 (due to the higher RSRP associated with r1). However, r1 only overlaps by one subchannel, whereas r2 overlaps by all 5 subchannels. Thus, it makes little sense to prefer r2 over r1, as the interference experienced by UE-A will be proportional to the number of overlapping subchannels.
This suboptimal UE-A behavior can be addressed by adding the following condition in Step 7).
[bookmark: P_IndIDs][bookmark: P_Scheme1_OverlapStep7]Proposal 5: Modify Step 7) when performed at UE-A as follows:
Step 7) If the number of candidate single-slot resources remaining in the set SA is smaller than , the UE shall re-insert candidate single-slot resources excluded in Step 6) if the associated RSRP measurement is lower than , where  is the number of overlapping subchannels. If the number of candidate single-slot resources in the set SA after re-insertion is still smaller than , then  is increased by 3 dB for each priority value  and the procedure continues with step 4.
In this case, referring to Figure 2, UE-A would re-insert resource r1 (and possibly many other barely overlapping resources), before deciding whether to increase the RSRP threshold by 3dB and going back to step 4 (which might result in the suboptimal resource r2 being preferred).
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 6: 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 7: 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
Contents of explicit request in IUC scheme 1
In RAN1#107-e and RAN1#107bis-e, the following agreements were reached regarding the contents of the explicit request.
	· Agreement: 
· For Scheme 1, at least following parameters are provided by UE-B’s request:
· Priority value to be used for PSCCH/PSSCH transmission 
· Number of sub-channels to be used for PSSCH/PSCCH transmission in a slot
· Resource reservation interval



	· Agreement:
· For Scheme 1, when the inter-UE coordination information transmission is triggered by UE-B’s explicit request,  
· Starting/Ending time locations of resource selection window is provided by UE-B’s explicit request
· Starting/Ending time locations of resource selection window is a form of combination of DFN index and slot index



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 8: 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.
It may also be highly beneficial (e.g., IUC reception reliability, UE-B power saving) for UE-B to indicate in its IUC_REQ to UE-A resources preferred or non-preferred for UE-A’s transmission of its IUC_MSG to UE-B. Moreover, since the size of the 2nd-stage SCI containing the explicit request and the 2nd-stage SCI containing the inter-UE coordination information are the same, including coordination information in the explicit request would not incur any additional overhead for the 2nd-stage SCI containing the explicit request.
[bookmark: Obs_Scheme1_Pad]Observation 6: When the explicit request is sent using a 2nd-stage SCI, that 2nd-stage SCI has to be padded with zeros until its payload size is equal to the payload size of the IUC information message. Instead of using padding, these bits can be exploited to convey coordination information to UE-A (e.g., preferred or non-preferred resources for UE-A’s transmission to UE-B).
[bookmark: P_IUC_Req_CoordInfo]Proposal 9: To increase IUC reception reliability (e.g., collision avoidance with hidden nodes) as well as UE-B power saving, UE-B’s explicit request includes coordination information for UE-A’s transmission of IUC information to UE-B.
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 10: An IUC_REQ may indicate a number of preferred resources to be reported in UE-A’s IUC_MSG.
In its IUC_REQ, 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) (e.g., UE-C) will be performing and then exclude the corresponding resources from the preferred resource set.
[bookmark: P_IndIDs_UE_B_IntendedRecipients2]Proposal 11: UE-B’s IUC_REQ 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_IndIDsUEB2]Proposal 12: UE-B’s IUC_REQ indicates to UE-A the ID(s) used by UE-B, to allow UE-A to optimize the preferred resource set.
As shown in Figure 3, 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 3(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 3(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).
[image: ]
[bookmark: _Ref83930042]Figure 3. 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 13: The IUC_REQ may include a set of resources (preferred or non-preferred) 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.
Referring to Figure 3(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.
[bookmark: P_IUC_Req_SetPrefNonpref_Overheard]Proposal 14: 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
UE-A behavior in IUC scheme 2
Additional conditions for UE-A to send PSFCH indicating a resource conflict
In RAN1#107-e, the following WA was agreed.
	· Working Assumption:
· For Condition 2-A-1 in Scheme 2, when “a non-destination UE of a TB transmitted by UE-B can be UE-A” is enabled or when “a non-destination UE of a TB transmitted by UE-B can be UE-A” is disabled and the destination UE of the conflicting TBs is UE-A, for each pair of UEs scheduling the conflicting TBs, a UE with the higher priority value is UE-B.
· FFS whether/how to set additional condition for UE-A to send PSFCH.
· Conclude on whether/how to handle, or differently handle, the case when at least one of UEs scheduling conflicting TBs doesn’t support Scheme 2 at the subsequent meetings



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 PSFCH transmissions (e.g., HARQ-ACK feedback) concurrently due to the half-duplex constraint, which may not be desirable for many UE-As.
[bookmark: Obs_ResConflictMulti]Observation 7: 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 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.
[bookmark: P_ResConflictMultiDensDist]Proposal 15: IUC scheme 2 (pre-)configuration includes a UE density (e.g., number of neighboring UEs) dependent probability for non-destination UEs to send the resource conflict indication.
In RAN1#107bis-e, the following WA was made regarding UE-B’s indication of scheme 2 support.
	· Working assumption:
·  For Scheme 2, (pre)configuration is supported to enable or disable that 1 LSB of reserved bits of a SCI format 1-A is used to indicate of whether UE scheduling a conflict TB can be UE-B or not.
· FFS: UE-A's behavior for the case when at least one of UEs scheduling conflicting TBs is not capable of receiving the conflict indication



Regarding the FFS point in this agreement, the following cases can be considered:
1. The resource conflict is due to Condition 2-A-2. There is only one potential UE-B in this case; if that UE-B does not support receiving the conflict indication then there is no point in sending the conflict indication.
2. The resource conflict is due to Condition 2-A-1. Two other UEs are involved (referred to as UE-B and “other UE” in the relevant agreements). 
a. If neither of these UEs supports receiving the conflict indication, then there is no point in sending the conflict indication.
b. If the UE which, according to current agreements, will be UE-B (i.e. the UE with the higher priority value) supports receiving the conflict indication and the other UE does not, then there is no problem and the conflict indication can be sent to this UE-B.
c. The interesting case is the one where the UE which, according to current agreements, will be UE-B (i.e. the UE with the higher priority value) does not support receiving the conflict indication while the “other UE” supports receiving it. In this case it could be considered to swap the roles of UE-B and other UE and send the conflict indication to the UE which does support receiving the conflict indication. In other words, we can consider allowing UE-A to send the conflict indication to the UE with the lower priority value instead of the UE with the higher priority value. One potential problem with this approach is that, depending on the configuration of pre-emption, the UE with the higher priority value may detect pre-emption by itself and sending a conflict indication to the UE with the lower priority value would then result in both involved UEs performing reselection, degrading system performance. To mitigate this, this behaviour could be restricted to the cases where the UE with lower priority value would not detect pre-emption (e.g. because pre-emption would not trigger for the specific priority values). However, it is unclear if the additional specification effort to define this behaviour would be justified.

[bookmark: P_Scheme2_FlagUseByUEA]Proposal 16: When (pre)configuration enables indication of whether a UE can be UE-B then UE-A does not send a conflict indication unless UE-B, determined according to existing agreements, indicates that it can be UE-B.

[bookmark: _Hlk95771040]Next reserved resource – Alignment with UE-B
In RAN1#107bis-e, the following agreement was reached regarding UE-B behavior in IUC scheme 2.
	· [bookmark: _Hlk95770956] Agreement:
· For Scheme 2, 
· The PHY layer reports S_A after Step 7) of TS 38.214 Section 8.1.4 to higher layer.
· When UE-B receives a conflict indicator for resource(s) indicated by its SCI,
· PHY layer at UE-B reports resources overlapping with the next reserved resource indicated by the corresponding UE-B’s SCI for current TB transmission to higher layer.
· If (pre)configured, the PHY layer reports resources in a slot including the next reserved resource indicated by the corresponding UE-B’s SCI for current TB transmission to higher layer.
· Higher layer at UE-B re-selects the resource(s) indicated by the conflict indicator among the S_A excluding the reported resources.
· FFS: Whether/How the conflict in periodic transmission is indicated by UE-A and handled by UE-B



[bookmark: _Hlk95770872]With the UE-B behaviour agreed here, a corresponding change to UE-A behaviour will be required, otherwise a mismatch will occur when (pre)configuration sets Option 1 (PSFCH occasion is derived by a slot where UE-B’s SCI is transmitted) and parameter sl-MaxNumPerReserve=n3:
Suppose UE-B’s SCI at time t1 reserves 2 future resources, at times t2 and t3 with t1 < t2 < t3, and there is a conflict for the resource at time t3, but no conflict for the resource at t2. According to the current definition of the Conditions 2-A-1 and 2-A-2, UE-A would send a conflict indication on the PSFCH occasion derived from the slot t1. UE-B would  then interpret this as meaning that the “next reserved resource”, that is the resource at t2, is affected and report that resource to higher layer. This would obviously be undesirable, since the resource at t3 is affected by conflict, not the resource at t2. To accommodate that, UE-A should consider only conflicts affecting the next reserved resource in UE-B’s SCI, not a conflict involving the next but one reserved resource.

[bookmark: P_Scheme2_NextReserved]Proposal 17: When “PSFCH occasion is derived by a slot where UE-B’s SCI is transmitted” and parameter sl-MaxNumPerReserve is set to n3 then UE-A considers a conflict condition as fulfilled only if it affects the next reserved resource in UE-B’s SCI.
UE-B behavior in IUC scheme 2
In RAN1#107bis-e, the following agreement was reached regarding UE-B behavior in IUC scheme 2.
	· Agreement:
· For Scheme 2, 
· The PHY layer reports S_A after Step 7) of TS 38.214 Section 8.1.4 to higher layer.
· When UE-B receives a conflict indicator for resource(s) indicated by its SCI,
· PHY layer at UE-B reports resources overlapping with the next reserved resource indicated by the corresponding UE-B’s SCI for current TB transmission to higher layer.
· If (pre)configured, the PHY layer reports resources in a slot including the next reserved resource indicated by the corresponding UE-B’s SCI for current TB transmission to higher layer.
· Higher layer at UE-B re-selects the resource(s) indicated by the conflict indicator among the S_A excluding the reported resources.
· FFS: Whether/How the conflict in periodic transmission is indicated by UE-A and handled by UE-B



A further open issue is what happens if UE-A detects (and indicates to UE-B) a resource conflict on a resource reserved for initial transmission of another TB (e.g., the next TB) for periodic traffic (rather than the current TB). In this case, the agreed UE-B behavior “PHY layer at UE-B reports resources overlapping with the next reserved resource indicated by the corresponding UE-B’s SCI for current TB transmission” would result in the higher layer at UE-B excluding the wrong resources. Instead, the PHY layer at UE-B should report resources overlapping with the reserved resource indicated by UE-B’s SCI for the next TB transmission.
[bookmark: P_Scheme2_NextTB]Proposal 18: In case UE-A detects (and indicates to UE-B) a resource conflict on a resource reserved by UE-B for initial transmission of the next TB in periodic traffic, PHY layer at UE-B reports resources overlapping with the reserved resource indicated by UE-B’s SCI for the next TB transmission.
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 19: 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)



In RAN1#107-e, the following WA was agreed regarding Condition 2-A-1.
	· Working Assumption:
· A resource pool level (pre-)configuration can enable one of the following options: 
· Option 1:
· For Condition 2-A-1 of Scheme 2, support following additional criteria to determine resource(s) where expected/potential resource conflict occurs
· For the case when UE-A is a destination UE of a TB transmitted by UE-B
· The resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) whose RSRP measurement is larger than a RSRP threshold according to the priorities included in the SCI:
· prio_TX and prio_RX are the priorities indicated in the SCI making the overlapping reservations for UE-B and other UE respectively
· For the case when UE-A is a destination UE of a TB transmitted by another UE
· The resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) when RSRP measurement of UE-B’s reserved resource is larger than a RSRP threshold according to the priorities included in the SCI:
· prio_TX and prio_RX are the priorities indicated in the SCI making the overlapping reservations for other UE and UE-B respectively
· Option 4:
· For Condition 2-A-1 of Scheme 2, support following additional criteria to determine resource(s) where expected/potential resource conflict occurs
· For the case when UE-A is a destination UE of a TB transmitted by UE-B
· The resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) whose RSRP measurement is larger than a (pre)configured RSRP threshold compared to the RSRP measurement of UE-B’s reserved resource. 
· For the case when UE-A is a destination UE of a TB transmitted by another UE
· The resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) when RSRP measurement of UE-B’s reserved resource is larger than a (pre)configured RSRP threshold compared to the RSRP measurement of the resource(s). 
· Support of Option 4 is subject to UE capability
· FFS: Whether/how RSRP threshold depends on priority, MCS, overlap



In order to avoid too many false alarms (and/or missed conflicts), UE-A needs to decide whether or not to send a conflict indication based on how robust the transmission will be (i.e., the MCS indicated in SCI needs to be taken into account). For example, different RSRP thresholds can be (pre)configured for different MCS.
[bookmark: P_Scheme2_ThreshRSRP_MCS]Proposal 20: Different RSRP thresholds  are (pre-)configured for different MCS indicated by UE-B’s SCI and/or other UE’s SCI.
Second, the actual interference is proportional to the number of overlapping subchannels. So it makes little sense to indicate a conflict, for example, when only one subchannel out of 10 subchannels is overlapping, especially if the MCS is robust.
Thus, we think the following additions are necessary for the conditions in Option 4 to be meaningful.
[bookmark: P_Scheme2_ThreshRSRP_Overlap]Proposal 21: In case of partial overlap, the (pre-)configured RSRP threshold  is increased as follows ( is the number of overlapping subchannels):
1. For the case when UE-A is a destination UE of a TB transmitted by UE-B:
 
1. For the case when UE-A is a destination UE of a TB transmitted by another UE:
 

Note that the added term above can be significant when the fraction of overlapping subchannels is small (e.g., 10% overlap results in a 10dB “bonus” with respect to the (pre-)configured RSRP threshold).
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 22: 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.
Determination of PSFCH resource index
In RAN1#106bis-e, the following agreement was 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



During the RAN1#107bis-e email discussion, the FL made the following draft proposal.
	Draft proposal 21:
· For Scheme 2, 
· m_0 for a resource conflict indication is derived in the same way as specified for HARQ-ACK information in TS 38.213 Section 16.3
· m_CS for a resource conflict indication for UE-B’s current TB transmission is 0
· FFS: Whether/How the conflict in periodic transmission is indicated by UE-A and handled by UE-B
· a UE expects that different PRBs are (pre)configured between for conflict indication and HARQ-ACK information



UE-B may indicate reserved resources for retransmission of a TB and/or for periodic transmission of different TBs, but UE-A may detect the presence of a 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 (e.g., for the current TB or next TB) or the resources where the conflict is detected so that UE-B can perform resource re-selection accordingly. In this regard, different PSFCH resource indices (e.g., cyclic shifts) can be used by UE-A to indicate different conflicted resources.
[bookmark: Obs_Scheme2_PSFCH_sequences]Observation 8: UE-A can indicate different resource conflict events in a resource efficient manner by using different PSFCH resources (e.g., cyclic shifts), so that UE-B can perform resource re-selection of only the conflicted resources. 
[bookmark: P_Scheme2_PSFCH_sequences]Proposal 23: Different m_CS values are used to convey whether the expected resource conflict occurs on a resource reserved for retransmission of the current TB or on a resource reserved for initial transmission of the next TB for periodic traffic.
  
 Conclusions

Scheme 1
Proposal 1: 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.
Proposal 2: Support all combinations of features in IUC scheme 1 for maximum flexibility and signaling overhead reduction.

Observation 1: Under high load, and especially if the number of subchannels for UE-B’s transmission is large, there may be very few remaining resources after exclusion of candidate resources overlapping with non-preferred resources, potentially giving rise to an infinite loop in the resource (re-)selection procedure.
Observation 2: To avoid a potential infinite loop in the resource (re-)selection procedure, 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 3: UE-B’s exclusion after Step 6) of candidate resources overlapping with UE-A’s non-preferred resources is relaxed by taking into account the number of overlapping subchannels. For example, the allowed fraction of overlapping subchannels (starting at 0%) may be successively increased (e.g., 10%, 20%, and so on) in Step 7.


Proposal 4: 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 5: Modify Step 7) when performed at UE-A as follows:
Step 7) If the number of candidate single-slot resources remaining in the set SA is smaller than , the UE shall re-insert candidate single-slot resources excluded in Step 6) if the associated RSRP measurement is lower than , where  is the number of overlapping subchannels. If the number of candidate single-slot resources in the set SA after re-insertion is still smaller than , then  is increased by 3 dB for each priority value  and the procedure continues with step 4.



Proposal 6: 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 7: 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:
Proposal 8: 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 9: To increase IUC reception reliability (e.g., collision avoidance with hidden nodes) as well as UE-B power saving, UE-B’s explicit request includes coordination information for UE-A’s transmission of IUC information to UE-B.
Observation 6: When the explicit request is sent using a 2nd-stage SCI, that 2nd-stage SCI has to be padded with zeros until its payload size is equal to the payload size of the IUC information message. Instead of using padding, these bits can be exploited to convey coordination information to UE-A (e.g., preferred or non-preferred resources for UE-A’s transmission to UE-B).

Proposal 10: An IUC_REQ may indicate a number of preferred resources to be reported in UE-A’s IUC_MSG.
Proposal 11: UE-B’s IUC_REQ indicates to UE-A the ID(s) of the intended receiver(s), to allow UE-A to determine the preferred resource set.
Proposal 12: UE-B’s IUC_REQ indicates to UE-A the ID(s) used by UE-B, to allow UE-A to optimize the preferred resource set.

Proposal 13: The IUC_REQ may include a set of resources (preferred or non-preferred) 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.

Proposal 14: 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 7: 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 15: IUC scheme 2 (pre-)configuration includes a UE density (e.g., number of neighboring UEs) dependent probability for non-destination UEs to send the resource conflict indication.
Proposal 16: When (pre)configuration enables indication of whether a UE can be UE-B then UE-A does not send a conflict indication unless UE-B, determined according to existing agreements, indicates that it can be UE-B.
Proposal 17: When “PSFCH occasion is derived by a slot where UE-B’s SCI is transmitted” and parameter sl-MaxNumPerReserve is set to n3 then UE-A considers a conflict condition as fulfilled only if it affects the next reserved resource in UE-B’s SCI.

Proposal 18: In case UE-A detects (and indicates to UE-B) a resource conflict on a resource reserved by UE-B for initial transmission of the next TB in periodic traffic, PHY layer at UE-B reports resources overlapping with the reserved resource indicated by UE-B’s SCI for the next TB transmission.


Proposal 19: 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 20: Different RSRP thresholds  are (pre-)configured for different MCS indicated by UE-B’s SCI and/or other UE’s SCI.

Proposal 21: In case of partial overlap, the (pre-)configured RSRP threshold  is increased as follows ( is the number of overlapping subchannels):
1. For the case when UE-A is a destination UE of a TB transmitted by UE-B:
 
1. For the case when UE-A is a destination UE of a TB transmitted by another UE:
 

Proposal 22: 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 8: UE-A can indicate different resource conflict events in a resource efficient manner by using different PSFCH resources (e.g., cyclic shifts), so that UE-B can perform resource re-selection of only the conflicted resources. 
Proposal 23: Different m_CS values are used to convey whether the expected resource conflict occurs on a resource reserved for retransmission of the current TB or on a resource reserved for initial transmission of the next TB for periodic traffic.
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