3GPP TSG RAN WG1 Meeting #106-e 	R1-2106478
E-meeting, Aug 16th – 27th, 2021

Agenda Item:	8.11.1.2
Source:	Huawei, HiSilicon
Title:	Inter-UE coordination in sidelink resource allocation
Document for:	Discussion and Decision 

1 [bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _Ref129681832]Introduction
The revised WID for Rel-17 enhancement to NR sidelink [1] includes the following objective for mode 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 RAN1#104bis-e and RAN1#105-e, the overall framework of inter-UE coordination for sidelink enhancement was discussed [2, 3], including the definition of the coordination resources, how UE-A determines the coordination information, how UE-B uses the coordination information, and how UE-A and UE-B are determined.
In this paper, we provide more detailed analysis for the FFS left in previous meetings and the other issues needed to be solved, including the condition of transmitting the coordination information, the definition of coordination scheme, how UE-A determines and indicates the coordination information, how UE-B uses the coordination information, how UE-A and UE-B are determined. Simulation results for different coordination mechanisms are also provided.    
2 The potential issues for sidelink enhancement
In Rel-16 mode 2 resource allocation, the Tx UE determines sidelink transmission resources for a transmission by the sensing, exclusion, and reservation mechanisms. The reserved resources indicated by other Tx UEs may be excluded by the Tx UE through SCI decoding and SL-RSRP measurement. By doing so, the Tx UE can avoid interference to the receiver of other Tx UEs, depending on traffic priorities. However, the Rel-16 mode 2 resource allocation mechanism can experience at least the following issues, which are typical to distributed resource allocation algorithms: hidden nodes, exposed nodes, half-duplex constraint, power consumption issue, and consecutive packet loss issue.
Hidden node issue
The hidden node issue is illustrated in Figure 1. Assume Tx UE B and Rx UE A are a transmission pair, and assume there is another Tx UE C close to Rx UE A, and far away from Tx UE B. Then, it is possible that Tx UE B could not detect the SCI from Tx UE C, or the measured RSRP would be lower than the related threshold even though the SCI from Tx UE C is received. Hence, Tx UE B will not exclude the resource reserved by Tx UE C according to the Rel-16 mode 2 resource allocation mechanism. If Tx UE B selects the same resource with Tx UE C, then Rx UE A will probably be interfered by the transmission from Tx UE C. 
In this case, Tx UE B is not aware of the interference of Tx UE C from its sensing information, and the reception may fail due to the interference from UE C to UE A.
Observation 1: Rel-16 mode 2 resource allocation mechanism can experience the hidden node issue, leading to reception failure due to interference from hidden nodes.
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Figure 1: Illustration of hidden node: Transmissions from TX UE C are hidden from TX UE B.
Exposed node issue
The exposed node issue is illustrated in Figure 2. Assume there are two transmission pairs, i.e., Tx UE B to Rx UE A, and Tx UE C to Rx UE D, and assume UE B and UE C are close to each other. It is possible that UE B can decode the SCI from UE C and the measured RSRP would be higher than the threshold, then UE B will exclude the resource reserved by UE C according to the Rel-16 mode 2 resource allocation mechanism. However, since UE A is far from UE C, it is possible that UE A will not be interfered by UE C.
In this case, Tx UE B is aware of the interference of Tx UE C from its sensing information, and excludes the resource reserved by UE C. However, those resources actually can be used for transmission from UE B to UE A. An excessive exclusion of resources happens in this case. 
Observation 2: Rel-16 mode 2 resource allocation mechanism can experience the exposed node issue, which may cause excessive exclusion of resources.
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Figure 2: Illustration of exposed node: TX UE B is exposed to TX UE C’s transmissions.
Half-duplex issue
Due to the half-duplex assumption on sidelink, a UE cannot receive SCIs in the slots where it transmits. In Rel-16 mode 2 resource allocation, for the slots in which the Tx UE has not monitored, the worst case is assumed at the Tx UE that all the candidate resources associated with any periodicity value allowed by (pre-)configuration are excluded. Hence, over exclusion may happen in some cases. Additionally, to find enough candidate resources, the UE may need to increase the SL-RSRP threshold, which may lead to more interference to other UEs.  
Observation 3: Rel-16 mode 2 resource allocation mechanism is subject to the half-duplex assumption, which can result in reservations being missed in a sensing UE’s resource exclusion procedure.
Power consumption issue
In the WID for Rel-17 enhancement to NR sidelink [1], power saving is included as a critical motivation. Solutions for power saving in Rel-17 are required for vulnerable road users (VRUs) in V2X use cases and for UEs in public safety and commercial use cases, where the power consumption in the UEs needs to be minimized. However, the mode 2 resource allocation mechanism in Rel-16 requires the UEs continuously perform the sensing and resource exclusion procedure. In that case, large power consumption cannot be avoided.
Observation 4: The mode 2 resource allocation mechanism in Rel-16 leads to large power consumption, and is not suitable for power constrained UE in Rel-17. 
Consecutive packet loss issue
In Rel-16 mode 2 resource allocation, when multiple UEs select the same periodic resources, persistent resource collision may happen in subsequent periods, and may cause consecutive packet loss. Moreover, due to the simultaneous transmission in the past and the half-duplex restriction, the resource collision cannot be detected by the pre-emption check. 
Observation 5: In Rel-16 mode 2 resource allocation, multiple UEs may select the same periodic resources and suffer from consecutive packet loss due to simultaneous transmission in the past and the half-duplex restriction.
According to the analysis above, the hidden node issue, exposed node issue, half-duplex constraint, power consumption issue, and consecutive packet loss issue may degrade the system performance in terms of PRR/PIR and resource utilization efficiency, and thus need to be addressed in Rel-17 mode 2 enhancement. 
Proposal 1: The feasibility and benefits of mode 2 resource allocation enhancements are considered with regard to their ability to address the issues of hidden nodes, exposed nodes, half duplex constraint, power saving, and consecutive packet loss.
3 Mode 2 resource allocation enhancements
3.1 Conditions to transmit coordination resources
In general, for the condition when the coordination UE (i.e., UE-A) transmits the coordination information, both trigger-based and non-trigger based procedure can be considered. The applicable scenarios for the two conditions are related to the Tx UE’s (i.e., UE-B’s) traffic types, such as periodic traffic or aperiodic traffic.  
For trigger-based procedures, when a packet arrives at UE-B, and UE-B wants to obtain some coordination information from the coordinating UE, UE-B can transmit the trigger information to UE-A, which responded with coordinating information. So for trigger based procedures, two additional signaling exchanges are needed, i.e., the trigger information and coordinating information. The trigger-based coordination procedure is suitable for aperiodic transmission cases. For example, when an aperiodic packet arrives at UE-B, the parameters such as priority or PDB of the packet, which are associated with the sensing procedure might be different for different packets and are unknown for the coordination UE. In addition, whether UE-B has the requirement of coordination is also unknown for the coordination UE. Thus, as shown in Figure 3, UE-B can inform the coordination request and sensing related parameters to coordination UE by the trigger information, so that the coordination UE can provide more accurate coordination information according to UE-B’s requirement. 
Proposal 2：UE-B can provide the coordination request and sensing related parameters to UE-A by transmitting the trigger information explicitly.
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Figure 3: Procedure of trigger based mechanism
For non-trigger based procedures, the coordination UE transmits the coordinating information to UE-B of its own accord, depending on certain pre-defined conditions, e.g., UE-A periodically transmits the coordination information to UE-B as shown in Figure 4. This procedure has the benefit of reduced signaling overhead since no trigger information is need. The non-trigger based procedure is more suitable for UE-B’s periodic transmission where UE-B’s coordination requirements and the corresponding sensing parameters may be stable and can be known by the coordination UE by monitoring the historical transmission from UE-B. 
Proposal 3: UE-A can transmit the coordinating information to UE-B of its own accord, depending on certain pre-defined conditions, e.g. periodically. 
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Figure 4: Procedure of non-trigger based mechanism
3.2 The definition of coordination schemes 
According to the WID [1], UE-A provides a set of resources to UE-B for UE-B’s transmission to enhance reliability and reduce latency, where UE-A and UE-B denote the coordination UE and Tx UE, respectively. In RAN1#104bis-e, two inter-UE coordination schemes are supported as following: 
Agreement:
· Support the following schemes of inter-UE coordination in Mode 2:
· Inter-UE Coordination Scheme 1: 
· The coordination information sent from UE-A to UE-B is the set of resources preferred and/or non-preferred for UE-B’s transmission
· FFS details including a possibility of down-selection between the preferred resource set and the non-preferred resource set, whether or not to include any additional information other than indicating time/frequency of the resources within the set in the coordination information
· FFS condition(s) in which Scheme 1 is used
· Inter-UE Coordination Scheme 2: 
· The coordination information sent from UE-A to UE-B is the presence of expected/potential and/or detected resource conflict on the resources indicated by UE-B’s SCI
· FFS details including a possibility of down-selection between the expected/potential conflict and the detected resource conflict
· FFS condition(s) in which Scheme 2 is used

3.2.1 Inter-UE Coordination Scheme 1
In RAN1#105-e, the following proposal was discussed for scheme 1 [2]:
Proposal 1 for working assumption:
· For scheme 1, the following inter-UE coordination information signaling 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
· FFS: Whether in one signaling instance of coordination information, UE-A sends one type of resources (either preferred or non-preferred)
· FFS: Whether information for another resource set can be implicitly derived from signaling of information for a specific resource set
· Note that this implies that RAN1 decides no further down-selection between the preferred resource set and the non-preferred resource set in the following FFS point (marked with yellow) of agreement made in RAN1#104bis-e meeting.

3.2.1.1 Preferred resource set
The preferred resource set refers to the resources which will be used by UE-B for transmission.
With the help of the preferred resource set, the potential issues existing in Rel-16 can be solved. The interference and resource waste can be avoided by the preferred resources. The half-duplex impact can be alleviated by the preferred resources by the sensing results of UE-A. The power consumption of UE-B can be saved by not performing sensing procedure and use the resources provided by UE-A directly. The consecutive packet loss issue can also be solved by the preferred resources by means that UE-A provides the preferred resources which can be used to replace the collided resource to terminate the collision. In addition, the issue of the over exclusion due to the absence of sensing results on the non-monitored slots in step 5) in clause 8.1.4 of TS 38.214 can also be alleviated.
In other kinds of preferred resource sets, UE-A can provide the other UE’s transmission information for the slots on which UE-B does not monitor, thus there can be more candidate resources when UE-B determines the data transmission resources. 
Observation 6: The potential issues existing in Rel-16 can be solved by transmitting the set of resources preferred for UE-B’s transmission.
Proposal 4: The preferred resource set refers to the resources which will be used by UE-B for transmission.
3.2.1.2 Non-preferred resource set
The non-preferred resources can be the other UE’s reserved resources or UE-A’s transmission resources. The other UE’s reserved resource provided by UE-A when UE-A is the receiver of UE-B is more reliable than the case that UE-A is not the receiver of UE-B, since UE-B’s receiver can measure the interference level more precisely. As shown in Figure 5, the interference link from UE-C to UE-A which impacts the reception at UE-A just coincides with UE-A’s sensing link, so UE-A’s sensing results would be more accurate.
[image: ]
Figure 5: interference link when UE-A is the receiver of UE-B

For UE-A’s transmission resources, when the UE-A is the intended receiver of UE-B, considering the potential half-duplex issue shown in Figure 6, UE-A’s transmission resources can be informed to UE-B to solve such issue. 
[image: ]
Figure 6: UE-A’s transmission resource when UE-A is the intended receiver
Proposal 5: The non-preferred resources can be the other UE’s reserved resources or UE-A’s transmission resources when the UE-A is the intended receiver of UE-B.

3.2.2 Inter-UE Coordination Scheme 2
In RAN1#105-e, the following proposal was discussed for scheme 2 [2]:
Proposal 2 for working assumption:
· For scheme 2, the following inter-UE coordination information signaling 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
· Presence of expected/potential resource conflict on the resources indicated by UE-B’s SCI
· Presence of detected resource conflict on the resources indicated by UE-B’s SCI
· Note that this implies that RAN1 decides no further down-selection between the expected/potential conflict and the detected resource conflict in the following FFS point (marked with yellow) of agreement made in RAN1#104bis-e meeting.

For the resource conflict indicated by scheme 2, since the conflicted resources also belong to the resource which UE-B cannot use, it can be categorized as the set of resources not preferred for UE-B’s transmission in scheme 1. It seems the only difference between the two kinds of coordination schemes are whether the conflicted resource is indicated explicitly or implicitly. The non-preferred resource in scheme 1 needs to be indicated explicitly, while an indication can be used to indicate the conflict in the scheme 2, and it may use the implicit mapping to determine the relationship between the resources on which the indications are transmitted and the conflicted resources. Thus, the signaling overhead of the coordination information might be decreased. 
Scheme 2 can be divided into three sub-types as below, where Scheme 2-1 and Scheme 2-2 refer to the resource conflict that might happen in the future, while Scheme 2-3 refers to the resource conflict happened in the past. The details of each sub-type will be analyzed in the following sub-sections.
· Scheme 2-1: expected resource conflict indication
· Scheme 2-2: potential resource conflict indication
· Scheme 2-3: detected resource conflict indication
3.2.2.1 Scheme 2-1: expected resource conflict 
As illustrated in Figure 7 and Figure 11, scheme 2-1 may refer to two cases:
· Case 1: Expected resource conflict between the reserved resources indicated by UE-B’s SCI and the other UE’s reservation based on UE-A’s sensing results, i.e., UE-A helps UE-B to perform pre-emption check. 
· Case 2: Expected resource conflict between the reserved resources indicated by UE-B’s SCI and UE-A’s own transmission resources.
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Figure 7: Expected resource conflict on the other UE’s reservation (Case 1)
Analysis on Case 1
For Case 1, according to R16 NRV design, UE-B itself will always do pre-emption check before using the reserved resource and can possibly find such collision, so the benefits of expected resource conflict might very limited. For the cases where UE-A may find some information that UE-B does not, Scheme 2-1 may have other problems. For example, for hidden node which might not be detected by UE-B, the reselected resources after receiving the expected resource conflict indication are the un-reserved resources for the other sensing UEs, so these UEs cannot exclude the reselected resources when performing sensing procedure. In this case, the collisions may happen again on the reselected resources. In addition, the resources reversed by the previous SCI are not released, which also leads to inaccurate exclusion for the other sensing UEs. Therefore, the expected resource conflict indication will cause re-selection and unreserved transmission, which has the drawback of higher collision chance, increased delay, etc. While such drawbacks do not exist in Scheme 1.
Moreover, UE-A detects such collision does not necessarily mean the Rx UE of UE-B cannot decode the data successfully. For example, in the exposed node case as shown in Figure 8 when UE-A is around UE-B/UE-D and UE-B and UE-D use the same resource, UE-A will detect such collision but UE-C and UE-E can still decode their desired data successfully. So the expected resource conflict indication is inaccurate in exposed node case. 
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Figure 8: Exposed node in expected resource conflict

Observation 7: The Scheme 2-1 resource set (expected resource conflict) has the following drawbacks:
· The benefits of expected resource conflict might very limited since UE-B itself will always do pre-emption check before using the reserved resource and can possibly find such collision.
· Expected resource conflict triggers UE-B to reselect resource and further perform unreserved transmission, which has high chance of collision and increased delay.
· Expected resource conflict is inaccurate in some cases. For the exposed node case, UE-A detects such collision does not necessarily mean the Rx UE cannot decode the data successfully. Such inaccurate expected resource conflict indication will cause unnecessary re-selection, which has the drawback of higher collision chance due to unreserved transmission, increased delay, etc.

· The reservations on the non-monitored slots
According to the analysis above for Case 1, the pre-emption check performed by UE-A might be useless since UE-B will do it by itself. In addition, the unserved resources and the inaccurate conflict indication might cause unnecessary re-selection. Therefore, Scheme 2-1 may have drawbacks as mentioned in Observation 7 in most cases. 
However, there might be one exceptional case, i.e., the non-monitored slot case. UE-B has no sensing information about the non-monitored slots, i.e., the slots on which UE-B has performed transmission. If UE-A can provide some information about the non-monitored slots, the gains provided by such conflict indication from UE-A might overcome the drawbacks as mentioned above. For example, as shown in Figure 9, where UE-B transmits on slot n and it reserves the same sub-channels in slot m, assume UE-C also transmits on slot n and it reserves resource in slot m. In this case, the collision cannot be detected by UE-B itself by pre-emption check, thus the conflict indication from UE-A might be useful to trigger the re-selection at UE-B. 
Proposal 6: The collision due to reservation from the other UEs in the non-monitored slot of UE-B can be indicted by UE-A.  
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Figure 9: Expected-resource conflict in non-monitored slot case

Moreover, due to the missing reservation on the non-monitored slots, UE-B will exclude all the candidate resources in slots determined by the periods (pre-)configured in the resource pool, thus resulting in  excessive exclusion. To solve this problem, UE-A may also indicate the reservation information from the other UE even though there is no collision at UE-B. 

· Different resource conflict situations
  [image: ] 
[bookmark: _Ref76389286]Figure 10: Different resource conflict situations
According to R16 NR-V design, by transmitting SCI, a UE can reserve up to two resources for re-transmissions (i.e., dynamic reservation), and reserve periodic resources for transmitting different TBs (i.e., periodic reservation). As shown in Figure 10, the resource conflict situations may include many cases, e.g., conflict happens on one, or two, or multiple of those dynamically and/or periodically reserved resources by UE-B. RAN1 needs to discuss whether the conflict indication from UE-A needs to differentiate different conflict situations, and which resource(s) should UE-B reselect accordingly. For example, if the conflict indication does not differentiate different conflict situations and UE-B reselects all the dynamically and periodically reserved resources when receiving the conflict indication, there could be some unnecessary reselection since some reserved resources may have no conflicts, and thus cause waste of resources, increased delay, higher collision chance due to unreserved transmission, etc. 

Observation 8: The resource conflict situations may include many cases, e.g., conflict happens on one, or two, or multiple of those dynamically and/or periodically reserved resources by UE-B.  
Observation 9: If the conflict indication does not differentiate different conflict situations and UE-B reselects all the dynamically and periodically reserved resources when receiving the conflict indication, there could be some unnecessary reselection since some reserved resources may have no conflicts, and thus cause waste of resources, increased delay, higher collision chance due to unreserved transmission, etc.  
Proposal 7: RAN1 needs to discuss whether the conflict indication from UE-A needs to differentiate different conflict situations, and which resource(s) should UE-B reselect accordingly.

Analysis on Case 2
Case 2 is illustrated in Figure 11, i.e. Scheme 2-1 refers to expected resource conflict between the reserved resources indicated by UE-B’s SCI and UE-A’s own transmission resources. Since the fundamental principle in sensing procedure is to inform the reserved resources to the other UEs by the indication in SCI, then the UEs which detect the SCI should exclude the reserved resource during their resource selection. Thus, in this case, UE-A should proactively trigger the resource re-selection to avoid the resource collision or half-duplex issue instead of sending the resource conflict indication. 
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Figure 11: Expected resource conflict on UE-A’s transmission resources (Case 2)
3.2.2.2 Scheme 2-2: potential resource conflict
The potential resource conflict proposed by some company refers to the case that UE-A forwards other UE’s reservation to UE-B, so there are three UEs in this scheme. However, there are only two UEs in the current Scheme 2 as agreed in RAN1#104b-e, and UE-A determines the resource conflict by the SCI previously received from UE-B. So it seems the potential resource conflict is not aligned with the common understanding for the current Scheme 2. Moreover, even if the third party UE were not excluded from the context of current agreements, the behavior of forwarding the other UE’s reservation cannot be regarded as the resource conflict either. Because according to the agreement, UE-A needs to determine there is a potential resource conflict based on the SCI received from UE-B, whereas only forwarding other UE’s reservations does not match this. 
3.2.2.3 Scheme 2-3: detected resource conflict
Unlike the expected resource conflict, the detected resource conflict is focused on the conflict happened in the past, and it is intended to solve half-duplex and PSCCH collision. For the half-duplex issue happened in the past, i.e., when a third party UE (UE-A) detects two UEs (UE-B and UE-C) transmit at the same time and they also want to communicate with each other, UE-A sends an indication to both UEs to trigger retransmissions. 
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Figure 12: Half-duplex indication
To detect such half-duplex issue, UE-A needs to know UE-B and UE-C wants to communicate with each other.
For unicast, one pair of UEs may have multiple PC5 unicast links and therefore have multiple pairs of destination ID and source ID. If UE B transmit PSCCH/PSSCH to UE C by link1 and UE C transmit PSCCH/PSSCH to UE B by link2, the destination ID and source ID in each SCI may or may not be the same ID pair. As a result, UE A cannot identify the half-duplex issue when UE B and UE C establishes multiple unicast links and communicate with each other using different ID pairs.
The half-duplex indication might be applicable in groupcast where all the UEs (i.e., UE-A, UE-B, UE-C) are in the same group and UE-A needs to decode and compare the destination IDs (both 16 bits in SCI and 8 bits in MAC PDU).
In groupcast option 2, UE-B and UE-C can know such half-duplex issue by receiving ACK/NACK feedback, so such half-duplex indication is not necessary.
In groupcast option 1, the half-duplex indication might be useful only when all the following conditions are met:
· Condition#1: within a group, two UEs (UE-B and UE-C) choose to transmit on the same slot
· Condition#2: all the other group members have successfully decoded the packet
· Because if there is at least one group member other than UE-B or UE-C who fails to decode the packet, it will send NACK and UE-B or UE-C will perform retransmission. So half-duplex indication is unnecessary if Condition#2 is not met.
When the traffic density is not high, it is of small probability that Condition#1 can be met. When the traffic density is high and in a medium size group, it is of high probability that there are some group members who fail to decode the data, thus it is of very small probability that Condition#2 can be met. 
In summary, the half-duplex indication might be useful only in very rare cases.
Observation 10: For unicast, UE A cannot identify the half-duplex issue when UE B and UE C establishes multiple unicast links and communicate with each other using different ID pairs.
Observation 11: Half-duplex indication might be applicable in groupcast where all the UEs (i.e., UE-A, UE-B, UE-C) are in the same group and UE-A needs to decode and compare the destination IDs (both 16 bits in SCI and 8 bits in MAC PDU).
Observation 12: Half-duplex indication might be useful only in rare case since it requires all the following conditions are met
· Condition#1: within a group, two UEs (UE-B and UE-C) choose to transmit on the same slot
· Condition#2: all the other group members have successfully decoded the packet

The detected resource conflict due to the PSCCH collision is illustrated in Figure 13, where UE-A detects the collided PSCCH, and the coordination information can be NACK feedback.
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Figure 13: PSCCH collision indication
However, according to the PSCCH decoding requirement as specified in section 8.3 of TS 38.214, the UE is not required to decode more than one PSCCH at each PSCCH resource candidate. So UE-A possibly cannot detect such collided PSCCH. Moreover, if the colliding PSCCH use the same OCC for DMRS, the UE has no way to detect such collision.
Observation 13: The feasibility of PSCCH collision indication is doubtful since UE-A probably cannot detect such collided PSCCH, because current specification does not require the UE to decode more than one PSCCH at each PSCCH resource candidate and the colliding PSCCH may use the same OCC for DMRS.
Moreover, for unicast and groupcast option 2, the collided SCI can be found by detecting the PSFCH resources, thus retransmissions due to the PSCCH indication might be useful only for groupcast 1. However, similar with half-duplex indication in Scheme 2-1, the NACK will be transmitted anyway when the traffic density in a medium size group is high. 
Observation 14: PSCCH collision indication might be useful only for groupcast option 1 in rare case since it requires all the other group members have successfully decoded the packet.

3.2.3 The applied conditions for the two schemes  
Scheme 2 can be considered as the reactive solution for the resource conflict based on the SCI transmitted by UE-B, thus the following two conditions are required for Scheme 2: (i) the SCI is received from UE-B; and (ii) resource conflict is correctly determined by UE-A.
Moreover, as analyzed in section 3.2.2, there are more detailed conditions that are required for each sub-scheme for Scheme 2. 
For example, the benefits of expected resource conflict might be achieved in the limited scenario, such as the non-monitored slots on which the reservation information from other UEs are missed completely by UE-B. In this case, the conflict indication which are associated with this missing information from UE-A might be necessary.
As another example, the half-duplex indication in detected resource conflict might only be applicable in groupcast option 1, and two further conditions, which require the two UEs transmit on the same slot and all the other UE within the group have successfully decoded the packet, are also needed to ensure the indication might be useful. While for the PSCCH collision indication, the condition that UE can decode more than one PSCCH at each PSCCH resource candidate needs to be satisfied, otherwise, the PSCCH collision cannot be identified. 
Considering there are so many complicated conditions that are required for Scheme 2, further analysis of how to set conditions for use of Scheme 2 or sub-schemes are needed. The feasibility of options for down-selection within Scheme 2 depends on how often the conditions can be met. 
However, the above restriction does not exist for Scheme 1, under which UE-A can transmit the coordination information either in proactive or reactive way. UE-A can independently determine the coordination information without receiving the SCIs from UE-B. On the other hand, the coordination information can also be determined based on the SCI transmitted from UE-B. For example, the preferred resources can be informed to UE-B to replace the potential/expected collision, while the non-preferred resources which corresponds the conflict can be directly indicated to UE-B. Therefore, Scheme 1 can cover wider range of scenario than Scheme 2
Proposal 8: Scheme 1 can be applied to wider range of scenario without the restriction of receiving SCIs from UE-B, so no conditions need to be defined for use of Scheme 1. 
Proposal 9: Further analysis of how to set conditions for use of Scheme 2 or sub-schemes are needed. The feasibility of options for down-selection within Scheme 2 depends on how often the conditions can be met.
· Detecting collision based on reservations from the other UEs in the non-monitored slot of UE-B can be considered as a condition. 
3.3 How UE-A determines the coordination information 
In RAN1#104bis-e, the following information are proposed by FL to determine the coordination information by UE-A [3]: 
FL’s proposal:
· For inter-UE coordination in Mode 2, consider at least one of the following information (with details FFS) 
· For Scheme 1 to determine by UE-A the set of resources preferred and/or non-preferred for UE-B’s transmission:
· Other UEs’ reserved resources based on UE-A’s sensing result and/or coordination information (e.g., non-preferred resource set) received from other UEs 
· Coordination information (e.g., preferred resource set) received from other UEs 
· Information on UE-B’s traffic requirements (e.g., conveyed via triggering information from UE-B, if any)
· Location information on UE-B and other UEs
· Subset or all of UE-A’s NR SL resources selected for its transmission(s) of TB(s)
· UE-A’s scheduled/configured resources for UL
· LTE SL transmission and/or reception of UE-A
· Resource set selected by UE-A for other UE-Bs’ transmissions
· PSFCH transmission and/or reception
· UE-A’s candidate resource set based on UE-A’s sensing
· UE-B’s ability to use coordination information
· Etc.
· For Scheme 2 to determine by UE-A the presence of expected/potential and/or detected resource conflict on the resources indicated by UE-B’s SCI:
· Other UEs’ reserved resources and/or existing transmission (i.e. used resources) based on UE-A’s sensing result (e.g., measurement, information extracted from SCI)
· Information on UE-B’s traffic requirements 
· Location information on UE-B and other UEs
· Subset or all of UE-A’s NR SL resources selected for its transmission(s) of TB(s)
· UE-A’s scheduled/configured resources for UL
· LTE SL transmission and/or reception of UE-A
· PSFCH transmission and/or reception
· UE-B’s ability to use coordination information
· Etc.

3.3.1 Common information for Scheme 1 and Scheme 2 
· Subset or all of UE-A’s NR SL resources selected for its transmission(s) of TB(s)
For Scheme 1, when UE-A’s transmission resources are determined as the non-preferred resources and UE-A is the intended receiver of UE-B, UE-B should exclude these resources to avoid the half-duplex issue. In addition, when UE-A provides the preferred resources to UE-B, UE-A’s own transmission resources should also be excluded to prevent the collision between UE-A and UE-B.
 As the analysis in section 3.2.2.1, the expected resource conflict which are associated with UE-A’s transmission resources is unnecessary for the reactive solution in Scheme 2.
Proposal 10: For Scheme 1, when UE-A is the intended receiver of UE-B, subset or all of UE-A’s NR SL resources selected for its transmission(s) of TB(s) can be used to determine the coordination information. 
· UE-A’s scheduled/configured resources for UL
· LTE SL transmission and/or reception of UE-A
According to the sidelink resource pool defined in section 8 of TS 38.214, the resources used for Uu link transmission need to be excluded from all the available resources, thus the sidelink resources are orthogonal with the UL resources. The similar principle is also applied to NR and LTE sidelink resources, where the independent higher layer parameters are used to indicate the bitmap associates with the sidelink resource pool for each other. Hence, for both scheme 1 and scheme 2, the collision due to UL and/or LTE resource can be avoided by the appropriate configuration by gNB, UE-A does not need to consider these information when determines the coordination information.
Proposal 11: For both scheme 1 and scheme 2, the collision due to UL and/or LTE resource can be avoided by the appropriate configuration by gNB.
· PSFCH transmission and/or reception
When the PSFCH reception resource at UE-A is used to determine the non-preferred resource for Scheme 1 or resource conflict in Scheme 2, UE-B should avoid to transmit to UE-A on PSSCH resources which is associated with the PSFCH reception resource, thus the half-duplex issue on PSFCH resource can be solved. On the other hand, considering the PSFCH transmission capability restriction, UE-A can also take its PSFCH transmission resource into account when determines the non-preferred resource or conflicted resource, then UE-B should avoid using the PSSCH transmission resource which corresponds to this PSFCH transmission resource. In this case, the PSFCH transmission limitation can be guaranteed by UE-A. 
However, the above half-duplex issue and transmission capability restriction on PSFCH resource might be corner case, and it can also be solved by UE implementation, e.g., dropping the PSFCH transmission or   PSFCH reception when half-duplex happens, or dropping the PSFCH transmission when the transmission capability is limited. 
To avoid too much workload on specification, issue caused by the PSFCH transmission and/or reception can be up to UE implementation.
Proposal 12: To avoid too much workload on specification, issue caused by the PSFCH transmission and/or reception can be up to UE implementation.
· UE-B’s ability to use coordination information
To decrease the signaling overhead and interference level, the inter-UE coordination mechanism should be triggered after the role of UE-A and UE-B are determined, thus UE-A will not provide the coordination information to UEs which do not need this information, whereas UE-B which has been determined as the receiver of the coordination information will definitely use the coordination information. So the UE-B’s ability to use coordination information should be removed from the available information list. 
· Information on UE-B’s traffic requirements 
For Scheme 1, the information on UE-B’s traffic requirements, such as UE-B’s priority, remaining PDB, number of sub-channels to be used for the PSSCH/PSCCH transmission, resource reservation interval are necessary to determine the coordination information. Because UE-A needs these parameters when it performs the sensing procedure for UE-B, and these information can be delivered by the trigger information transmitted from UE-B, then UE-A can provide more accurate coordination information which satisfies UE-B’s requirement. 
However, Scheme 2 is the reactive solution which indicates the resource conflict based on UE-B’s reserved resources, UE-A only needs to determine whether there is the expected resource conflict on the reserved resource. Thus the UE-B’s traffic requirements which are used in sensing procedure to determine the UE-B’s future transmission resources are not needed. 
Proposal 13: Information on UE-B’s traffic requirement is necessary for Scheme 1 and it can be delivered by trigger information.

3.3.2 Dedicated information for Scheme 1
· Other UEs’ reserved resources based on UE-A’s sensing result and/or coordination information (e.g., non-preferred resource set) received from other UEs 
The other UE’s reserved resource can be identified by UE-A’s sensing results, and these information can be used to determine the coordination information, e.g., the preferred resources. To obtain such information, the reserved resource by other UEs should be excluded. 
When the UE-A has dual roles, i.e., it can also be regarded as UE-B which is coordinated by other UE-A(s), then the UE-A might receive the coordination information which includes the non-preferred resources from the other UE-As. Considering the workload for inter-UE coordination, specific solutions for considering whether one UE could possess dual roles including UE-A and UE-B should be postponed until after more critical issues are solved.  
Proposal 14: The other UE’s reserved resource can be used to determine the coordination information in Scheme 1, while the coordination information (e.g., non-preferred resource set) received from other UEs can be discussed later. 
· Coordination information (e.g., preferred resource set) received from other UEs 
The same view with the coordination information (e.g., non-preferred resource set) received from other UEs above, this issue can be discussed later.
· Resource set selected by UE-A for other UE-Bs’ transmissions
It would be the scenario that UE-A provides the coordination information for multiple UE-Bs (e.g., RSU, platooning, etc.), thus the resource sets have been selected by UE-A for other UE-B’s transmission should be excluded when UE-A determines the coordination information.
Proposal 15: When UE-A provides the coordination information for multiple UE-Bs by Scheme 1, resource set selected by UE-A for other UE-Bs’ transmissions is used to determine the coordination information.
· UE-A’s candidate resource set based on UE-A’s sensing
The UE-A’s candidate resource set by sensing procedure can be regarded as the fundamental information to determine the coordination information, the preferred resources can be extracted from it.  
Proposal 16: The UE-A’s candidate resource set by sensing procedure is used to determine the coordination information. 

3.3.3 Dedicated information for Scheme 2
· Other UEs’ reserved resources and/or existing transmission (i.e. used resources) based on UE-A’s sensing result (e.g., measurement, information extracted from SCI)
The other UE’s reserved are necessary to determine the resource conflict in Scheme 2, and such information can be obtained by UE-A’s sensing procedure. UE-A should transmit the conflict indication when the resource overlapping is detected and RSRP measurement from the interference UE is higher than a (pre)-configured threshold.
Proposal 17: The other UE’s reserved resources are necessary to determine the resource conflict in Scheme 2.
3.4 How to indicate the coordination/trigger information 
3.4.1 Inter-UE Coordination Scheme 1
3.4.1.1 The container for carrying the coordination/trigger information
Considering the processing time of PC5-RRC signaling, the processing delay can be tens of milliseconds approximately. While for MAC-CE, the processing delay would be smaller than PC5-RRC, but a few milliseconds is needed at least. Therefore, to guarantee the effectiveness of coordination procedure, the 2nd stage SCI can be the proper container of the trigger information and coordination information. The new 2nd stage SCI format is required to include the necessary parameters and indicated resources for coordination procedure.  
Proposal 18: The 2nd stage SCI is used as the container for carrying the trigger information and coordination information.
3.4.1.2 The contents of the coordination/trigger information
To indicate the trigger information and coordination information, new 2nd SCI format 2C and 2D are proposed. The field of “2nd stage SCI format” in 1st SCI can be set as “10” or “11” to indicate the new 2nd SCI format 2C or 2D, respectively. The following fields are included in the new 2nd SCI formats 2C and 2D as shown in Table 1: 
· Type indication - 2bits: the type of sub-format for coordination information 
· Sub-channel size - -bit: the size the number of sub-channels to be used for the UE-B’s PSSCH/PSCCH transmission, and  is defined as the total number of subchannels in the resource pool
· Priority - 3bits: the priority associated with UE-B’s PSSCH/PSCCH transmission
· Period - bits: the resource reservation interval for UE-B’s PSSCH/PSCCH transmission,  is the number of periodicities supported in the resource pool
· Resource selection window: The starting position and the duration of UE-B’s resource selection window. 
· Coordination resource: TRIV/FRIV in Rel-16 SCI 1-A or bitmap indication 
· UE-A ID: the  ID which used to identify UE-A
· UE-B ID: the ID which used to identify UE-B 
The detailed explanations for each field are given below.
Sub-channel size, priority, period and resource selection window
For SCI format 2C on which trigger information is transmitted, the sub-channel size, priority, period and resource selection window which reflect UE-B’s transmission requirement needs to be included to help UE-A to determine the coordination resources. 
The resource selection window which is determined by the two intervals, as the “S” and “L” is illustrated in Figure 14, where “S” is the interval between the slot transmitting the trigger information and starting slot of the resource selection window, and “L” refers to the duration of the resource selection window. UE-A can determine the coordination resource within the provided window in trigger information. The indication of “S” and “L” is similar with TRIV in Rel-16.
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Figure 14: The indication for the resource selection window 

Type indication
Coordination information may include preferred resources or non-preferred resources, and may be transmitted in trigger based procedure or non-trigger based procedure. A “type indication” field is proposed in SCI format 2D to differentiate these cases. For example, two bits is enough to indicate these four cases, i.e., preferred resources under either trigger based or non-trigger based procedure, or non-preferred resources under either trigger based or non-trigger based procedure. 
For trigger based procedure, no matter the coordination resources are preferred or non-preferred resources,  the parameters of sub-channel size, priority, period and resource selection window have already been informed by UE-B, so these fields do not need to be present when UE-A provides the corresponding coordination information. 
While for non-trigger based procedure, UE-A should provide the above parameters which are used during its sensing procedure, so that UE-B can judge if the coordination resources which are determined by UE-A based on these parameters match its own requirement. Note that the sub-channel size can be derived from the coordination resource if the legacy FRIV in Rel-16 is reused, thus this parameter can be omitted in coordination information. In addition, given the actual coordination resources have been provided by the coordination information, the resource selection window can also be omitted. 
Coordination resource
To prevent increasing the workload of Rel-17, the TRIV/FRIV indication in Rel-16 can be reused to indicate the coordination resource, i.e., at most 2 coordination resources which located within 32 logical slots starting from coordination information are provided. Another solution is to use the bitmap indication, which can indicate both the preferred and non-preferred resources simultaneously. Moreover, for the non-trigger based mechanism, the sub-channel size and resource selection window which cannot be implied by the bitmap also need to be indicated explicitly. 
UE-A ID, UE-B ID
The UE-A ID and UE-B ID are included in both SCI format 2C and 2D to identify the role of UE-A or UE-B. After receiving the trigger or coordination information, UE-A or UE-B can determine whether the information is targeted for itself by detecting these two IDs.  

Proposal 19: The new 2nd stage SCI format 2C and 2D in Table 1 are used to indicate the trigger information and coordination information in Scheme 1.  
Table 1: The fields for format SCI-2C and 2D
	Format
	SCI 2C
(trigger information)
	SCI 2D
(coordination information)

	Field
	Include this filed?
	Note
	Include this filed?
	Note

	Type indication
	No
	
	Yes
	To differentiate preferred or non-preferred resources under trigger based or non-trigger based procedure.

	Sub-channel size
	Yes
	To reflect UE-B’s transmission requirement
	FFS
	Not present if can be derived implicitly from “coordination resource” field

	Resource selection window
	Yes
	
	FFS
	

	Priority
	Yes
	
	Yes
	Only present in non-trigger based procedure.

	Period
	Yes
	
	Yes
	

	Coordination
Resource
	No
	
	Yes
	To indicate preferred or non-preferred resources

	UE-A ID
	yes
	To identify UE-A and UE-B
	Yes
	To identify UE-A and UE-B

	UE-B ID
	yes
	
	Yes
	



3.4.1.3 The resources for transmitting coordination/trigger information
There could be two ways to determine the resources for transmitting the coordination or trigger information.  When both UE-A and UE-B perform sensing, these resources can be sensed by UE-A or UE-B itself. When UE-B does not perform sensing for power saving, these resources can be configured by UE-A.
3.4.2 Inter-UE Coordination Scheme 2
3.4.2.1 The container for carrying the conflict indication
To decrease the work load for inter-UE coordination in Rel-17, the PSFCH-like sequence can be used to indicate the expected resource conflict due to non-monitored slots as discussed in section 3.2.2.1. 
3.4.2.2 The contents of the conflict indication
As the discussion in section 3.2.2.1, the expected resource conflict due to the missing reservation information on the non-monitored slots at UE-B can be indicated by UE-A. RAN1 needs to discuss whether the conflict indication from UE-A needs to differentiate different conflict situations.
3.4.2.3 The resources for transmitting the conflict indication
· The resources mapping rule for conflict indication 
In Rel-16, PSFCH resources are provided by the higher layer parameter sl-PSFCH-RB-Set which indicates the set of PRBs that are actually used for PSFCH transmission and reception by bit string, i.e., the “1” in the bit string means the associated PRB can be used to for PSFCH. To maximally use the symbol which has already been allocated for PSFCH, and to provide a unified design for PSFCH and conflict indication, the PRB which is indicated by “0” in the bit string can be used to transmit the conflict indication.
Proposal 20: The unused PSFCH resources with the “0” in the bit string by the higher layer parameter sl-PSFCH-RB-Set can be used for collision indication.

3.5 How UE-B uses the coordination information 
One of the key issues in inter-UE coordination is how UE-B takes “a set of resources” into account in the resource selection for its own transmission. 
3.5.1 Inter-UE Coordination Scheme 1
3.5.1.1 Preferred resource set
In RAN1#104bis-e, the following agreements on UE-B’s behavior after receiving the coordination information from UE-A are made:
Agreement:
· When UE-B receives the inter-UE coordination information from UE-A, consider at least one of the following options (with details FFS including possibly down-selecting/merging one or more of the options below, applicable scenario(s)/condition(s) for each option, UE behavior) for UE-B’s to take it into account in the resource (re)-selection for its own transmission
· For scheme 1:
· Option 1-1: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based on both UE-B’s sensing result (if available) and the received coordination information
· Option 1-2: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based only on the received coordination information
· Option 1-3: UE-B’s resource(s) to be re-selected based on the received coordination information
· Option 1-4: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based on the received coordination information
· For scheme 2:
· Option 2-1: UE-B can determine resource(s) to be re-selected based on the received coordination information
· Option 2-2: UE-B can determine a necessity of retransmission based on the received coordination information

For scheme 1, Options 1-1 and Option 1-3 correspond to the condition that both UEs sense, while Option 1-2 and 1-4 only require UE-A to sense:
· Both UEs sense: Both UE-A and UE-B perform the sensing and resource exclusion procedure, and UE-B determines its transmission resources based on the sensing results from both UE-A and UE-B
· Only UE-A senses: Only UE-A performs the sensing and resource exclusion procedure, and UE-B uses the transmission resources provided by UE-A 
A key difference is whether the transmission resource of UE-B is determined by UE-B itself, or by other UEs. When both UEs sense, although UE-A may give some coordinating information (e.g., preferred resources) to UE-B, the transmission resource is finally determined by UE-B itself. While when only UE-A senses, the transmission resource is determined by UE-A, and notified to UE-B through coordinating information, then UE-B can directly use the transmission resource.
When only UE-A senses, there are advantages in terms of power saving and less interference in hierarchical scenarios, which are further explained as below.
Power saving
When only UE-A senses, the transmission resources are determined by the coordinating UE (i.e., UE-A), and the Tx UE (i.e., UE-B) does not need to perform sensing procedure. So the power-constrained Tx UE can benefit from power saving. 
Moreover, for some public safety and commercial use cases, the devices in these cases may choose not to perform sensing for power saving, or choose to not have the ability to perform sensing for device simplification. Thus, only UE-A senses is an attractive mechanism in these cases. 
Needing only UE-A to sense is particularly helpful in scenarios where a hierarchical structure exists, such as platooning and RSU, where the UE higher in the hierarchy (i.e., UE-A) can coordinate multiple UEs lower in the hierarchy (i.e., UE-B). For example, the header car can provide the resources for the remaining member cars in a platooning scenario, and one RSU can provide the resources for multiple Tx UEs nearby. Instead of multiple UEs performing sensing and resource exclusion, there are fewer UEs involved in the resource determination. Hence total power consumption of all the UEs in the system can be decreased further. 
Observation 15: Regarding how UE-B takes “a set of resources” into account in the resource selection for its own transmission, when only UE-A senses, UE-B can benefit from power saving, or choose to not have the ability to perform sensing for device simplification.

Less interference in hierarchical scenarios
When both UEs sense, each Tx UE selects resources on its own. Due to the nature of distributed resource allocation, it is infeasible to avoid resource collision completely, even if the Tx UE may have some coordinating information. 
While when only UE-A senses, UE-A can provide resources for multiple UEs within one group. It is feasible to avoid resource collision completely within the coordinated group of UEs due to the centralized scheduling, which is similar to mode 1 resource allocation. So the resource utilization and interference level is much more controllable. The issues of hidden nodes, exposed nodes, the half-duplex constraint and persistent collision can be avoided within the group. Thus, the requirements of higher reliability, higher resource utilization efficiency, and lower latency would be achieved.
Observation 16: Due to the nature of distributed resource allocation, when both UEs sense, it is infeasible to avoid resource collision completely.
Observation 17: When only UE-A senses and provides resources for multiple UEs within one group, it is feasible to avoid resource collision completely within the coordinated group of UEs due to the centralized scheduling. This has benefits for the system performance in terms of reliability, resource utilization efficiency, latency, etc.
When only UE-A senses, UE-B can completely rely on the coordination information provided by UE-A and directly use the resources for transmission, thus Option 1-2 should be supported. To prevent increasing the workload further, Option 1-4 which might introduce the extra rule on determining UE-B’s transmission resource should be avoided. 
When both UEs sense, the coordinating UE needs to determine the resource which is used to transmit the coordination information in both trigger-based and non-trigger based mechanism, and the Tx UE needs to determine the resource to transmit the trigger information in trigger-based mechanism. Without centralized scheduling, the Tx UE and coordination UE can only determine such resources based on their own sensing results. Thus, the system’s interference level would inevitably be increased. In order to guarantee the final data transmission satisfies the PDB requirement, UE-B prefers the coordination information provided from UE-A is within its desired latency bound, the coordination information which is later than the latency bound would not be taken into account by UE-B.
When only UE-A senses, the resources for UE-B to transmit trigger information and/or receive the coordination information can also be configured by the coordination UE, i.e. UE-A, and such resources can be provided by UE-A in advance. With the configured resources, the extra delay due to the sensing procedure can be avoided, thus the latency requirement can be ensured. In case the configured resources do not satisfy UE-B’s PDB requirement, UE-B falls back to one-shot random selection. For the trigger-based coordination, as long as one of the resources for transmitting the trigger information or receiving the coordination information does not satisfy UE-B’s PDB requirement, UE-B can randomly select resource. As shown in Figure 15, where R1, R2 and R3 represent the resources for transmitting trigger information, coordination information and data, respectively. For the first packet, both R1 and R2 satisfy the PDB requirements, while for the second and third packets, the PDB requirements are not met, then the random selection is enabled. 
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Figure 15: Fallback case for trigger-based coordination

While for non-trigger coordination, as shown in Figure 16, UE-B fallbacks to random selection if the resource for receiving the coordination information or the resources scheduled by UE-A does not satisfied UE-B’s PDB requirements. 
[image: ]
[image: ]
Figure 16: Fallback case for non-trigger coordination

With the configured trigger and/or coordination resource, the interference caused by transmitting trigger information and coordination information can be completely avoided within the coordinated group. 
In addition, as analyzed in Section 3.4.1.3, when only UE-A performs sensing, the resources for transmitting the coordination information is configured by UE-A to UE-B. Therefore, if UE-B has already been configured the resources for receiving the coordination information, UE-B can choose not to perform sensing on other slots to reduce power. And if UE-B receives the coordination information on the configured resource by UE-A, UE-B can directly use the preferred resources. This also has the benefits of less interference due to centralized scheduling as analyzed above. 
On the other hand, if UE-B chooses to perform sensing and receives coordination information on resources other than the configured resource by UE-A, UE-B can determine its transmission resources based on the sensing results from both UE-A and UE-B.

Observation 18: When both UEs sense, the system will suffer from interference when transmitting trigger information and coordination information, and such interference can be avoided when only UE-A senses.
Proposal 21: It is necessary for mode 2 resource allocation enhancements to address reliability issues caused by interference in the transmission of trigger information and coordinating information between UEs.
· This interference arises when both UEs in a pair need to perform sensing to find resources for transmitting trigger/coordination information.
Proposal 22: Mode 2 resource allocation enhancements are designed assuming that either one or both the involved UEs perform sensing and resource exclusion.
Proposal 23: UE-B determines transmission resources based on sensing and resource exclusion results from UE-A and/or UE-B:
· When only UE-A performs sensing and resource exclusion, UE-B uses the transmission resources indicated by UE-A, i.e. option 1-2.
· When both UE-A and UE-B perform sensing and resource exclusion, UE-B determines its transmission resources based on the sensing results from both UE-A and UE-B, i.e. option 1-1. 
As for the 2nd sub-bullet in Proposal 23, i.e., when both UE-A and UE-B perform sensing and resource exclusion, UE-B can take the intersection set of preferred resources and the available resources sensed by itself as the first priority. If the number of resources within the intersection is less than the required size for UE-B’s candidate resource set, the final transmission can be up to UE-B implementation, e.g., UE-B can resort to the preferred resources provided by UE-A or its own sensing results.  
Proposal 24: When both UE-A and UE-B perform sensing and resource exclusion, the intersection set of the preferred resources from UE-A and UE-B’s own sensing results should be given the first priority.
 
3.5.1.2 Non-preferred resource set
When the non-preferred resource is indicated in the coordination information in scheme 1, UE-B still needs to perform the sensing procedure. The final transmission resource is based on both UE-B’s sensing results and the received coordination information. 
UE-B needs to exclude the non-preferred resource from its own candidate resource set. If the number of the candidate resource set after excluding the non-preferred resources is less than UE-B’s requirement, i.e.,  defined in step 7), parts of the excluded non-preferred resources might be recovered until the requirement of  is satisfied. 
Proposal 25: UE-B should exclude the non-preferred resources from its own candidate resource set. 

3.5.2 Inter-UE Coordination Scheme 2
For expected resource conflict indication, UE-B should re-select the resource on which the collision happens. However, as discussed in Section 3.2.2.1 and Proposal 7, RAN1 needs to discuss whether the conflict indication from UE-A needs to differentiate different conflict situations, and which resource(s) should UE-B reselect accordingly.

3.6 How UE-A and UE-B are determined
In RAN1#104bis-e, the following agreements for determining UE-A and UE-B are made:
Agreements:
1. Study further to determine the conditions for UEs to be UE-A(s)/UE-B(s) for inter-UE coordination:
· Details include applicable scenario(s)/inter-UE coordination scheme(s)
· E.g., only UE(s) among the intended receiver(s) of UE-B can be a UE-A, any UE can be a UE-A, high-layer configured, etc.
· Including the possibility of being subject to certain conditions and/or capability

In Rel-16, the link establishment for unicast and groupcast is performed at higher layer in TS 23.287, the destination ID and member ID are provided by V2X application layer and passed to PHY layer for unicast and groupcast transmission. Since the coordination procedure can only be performed after the link between UE-A and UE-B is established, thus the role of UE-A or UE-B can also be determined by higher layers during the link establishment procedure. V2X application layer can designate the role of UE-A and UE-B when the link is established. The UE-A does not need to be the intended receiver of UE-B, any UE configured by higher layer can be UE-A, and it can be applied to the both Scheme 1 and Scheme 2 discussed in section 3.2. With the higher layer determining UE-A and UE-B, the extra design complexity can be avoided and the impact to specification can also be minimized. 
On the contrary, if the role of UE-A and UE-B are determined at PHY layer, e.g., only the intended receiver of UE-B can be UE-A, then more detailed rule needs to be specified to determine UE-B. For example, how to select UE-B among multiple receiver for groupcast and when the receiver needs to transmit the coordination information to UE-B for unicast. To solve these problem, a large number of signaling exchange will be introduced, and the interference caused by transmitting these signaling cannot be avoided.  
Proposal 26: The role of UE-A or UE-B can be determined by the V2X application layer and passed to PHY layer.

3.7 Cast type analysis
Since the number of receivers in broadcast and groupcast option 1 would be uncontrollable, when trigger information is transmitted from UE-B to multiple UE-A using these cast types, the corresponding signaling overhead for coordination information from multiple UE-A to UE-B would also become uncontrollable. In addition, the coordination information might be useless to UE-B in broadcast and groupcast option 1 cases, e.g., when the coordination information is transmitted by a distant UE-A. Therefore, considering the signaling overhead and effectiveness of coordination information, broadcast and groupcast option 1 are not supported for the transmission of coordination information and trigger information in inter-UE coordination.
On the contrary, unicast and groupcast option 2 do not have the problems above, and is proposed to be supported to transmit the coordination information and trigger information in inter-UE coordination. In particular, for the scheme that only UE-A senses in section 3.5, if groupcast option 2 is adopted to transmit the coordination information by UE-A, the transmission resources carried in coordination information for multiple UE-Bs should be orthogonal, each UE-B can determine its own transmission resource by implicit mapping based on its own equipment ID. However, considering the workload for inter-UE coordination in Rel-17, groupcast option 2 can be taken later, and unicast can be prioritized.
For the transmission between UE-B and its destination UE, all the cast-type can be supported.
Proposal 27: For inter-UE coordination, considering the signaling overhead and effectiveness of coordination information, unicast is supported to transmit coordinating/triggering information.
4 Evaluations
In RAN1#104-e, a number of contributions provided evaluation results on different types of inter-UE coordination mode 2 resource allocation, which were also captured in the feature lead summary [2]. A number of companies provided views that inter-UE coordination scheme has performance gain compared to baseline Rel-16 mode 2 in terms of PRR, SINR, etc.
4.1 Simulation for Scheme 1 with preferred resources
4.1.1 Simulation assumptions
In this section, the simulation results of the following resource allocation schemes are provided:
· R16 Mode 2: R16 mode 2 resource allocation
· Both UEs sense-intersection: Both UE-A and UE-B perform the sensing and resource exclusion procedure, and UE-B determines its transmission resources based on the sensing results from both UE-A and UE-B. 
· Assume the coordinating information is the identified candidate resource set SA (as defined in TS 38.214 Section 8.1.4) obtained by UE-A after its resource exclusion procedure
· Assume UE-B takes the intersection of UE-B’s SA and UE-A’s SA to obtain the final candidate resource set
· Only UE-A senses: Only UE-A performs the sensing and resource exclusion procedure, and UE-B uses the transmission resources provided by UE-A
For the schemes where both UEs sense, the Rx UE is selected as the coordinating UE, the Tx UE will treat a candidate resource as available if and only if both Tx UE and the coordinating UE identify it is available. 
For the scheme where only UE-A senses, we assume UE-A provides resources for multiple UEs within one group. In our simulation, the highway topology defined in TR 37.885 is divided into three groups, the UE closest to the center of each group is designated as the coordinating UE of the group (i.e., UE-A), and provides resources to other UEs within the group. 
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Figure 17: UE association when only UE-A senses

The realistic transmissions of coordination signaling, i.e., trigger information and coordination information, are considered, respectively. 
Realistic assumption for transmitting coordination signaling:  
· Coordination signaling includes trigger information or coordination information, one of such signaling occupies one sub-channel in the frequency domain and one slot in the time domain.
· When both UEs sense, the resources for transmitting trigger information and coordination information are sensed by UE-B and UE-A themselves, respectively. 
· When only UE-A senses, the resources for UE-B to transmit trigger information and receive the coordination information are configured by UE-A, and the resources for transmitting trigger information and receiving the coordination information for the multiple UEs within one group are orthogonal.
· The interference from trigger information and coordination information is considered when the SINR for data transmission is calculated.
Unicast and trigger-based procedure are considered. The timeline of transmitting trigger information, coordination information and data can refer to Figure 18. To ensure the processing time defined in section 8.1.4 of TS 38.214, the interval between two transmissions is 3 slots at least.
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Figure 18: UE association when only UE-A senses

Compared with the traffic model used in our paper for last meeting, where the periodic traffic and aperiodic traffic are evaluated separately, the mixture of periodic traffic and aperiodic traffic which can represent the real V2X scenario is considered in this contribution, where 50% of vehicles are assumed to generate packets, and among the vehicles which do generate packets, 80% use periodic traffic, and 20% use aperiodic traffic. More simulation assumptions are given in the Appendix-A.
4.1.2 Simulation results
The simulation results of PRR under highway and mixed traffic are given in Figure 19. It can be observed that significant gain can be achieved under the scheme of only UE-A senses. For example, under the scheme of only UE-A senses, the PRR drops by 5.4% from range=100m to range=500m, whereas the PRR of other schemes drops by 9%, approximately. For the fixed PRR at 98%, compared with the other schemes, the scheme of UE-A sense increases the communication range from 200m to 300m, i.e., 50% range increasing can be achieved. Therefore, the analysis that resource collision within the coordinated group of UEs can be avoided due to the centralized scheduling by only UE–A sensing scheme in section 3.5 can be validated. 
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Figure 19: PRR for highway–A, mixture of periodic and aperiodic traffic, 50% vehicles generate packets 

Observation 19:  Compared with the scheme of Rel-16 mode 2 resource allocation and both UEs sense, the scheme where only UE-A senses and provides resources for multiple UEs within one group has clear performance gains in terms of PRR.
Observation 20: The advantage of the centralized scheduling by only-A senses scheme can be validated in terms of PRR. 
4.2 Simulation for expected resource conflict in Scheme 2 
4.2.1 Simulation assumptions
In this section, the simulation results for the expected resource conflict indication is provided:
· R16 Mode 2 without expected resource conflict indication
· Inter-UE coordination with expected resource conflict indication
· Upon receiving the SCI from Tx UE (UE-B), the Rx UE(UE-A) performs the pre-emption check on the reserved resource. If the reserved resources overlaps with the other UEs’ reservations and the RSRP measurement exceeds a certain threshold, then Rx UE sends the pre-collision indication. 
· Upon receiving the pre-collision indication, Tx UE reselects the collided resources.
The cast type is unicast. The highway topology defined in TR 37.885 is used. The vehicles are assumed to generate packets is 50%, and the aperiodic traffic is considered. More simulation assumptions are given in the Appendix-B.

4.2.2 Simulation results
The simulation results of PRR are given in Figure 20. It can be observed that the PRR loss is introduced by expected resource conflict indication. For example, the PRR of expected resource conflict indication drops by 11% from range=100m to range=500m, whereas the PRR of Rel-16 mode 2 drops by 9%, approximately. Therefore, the analysis in section 3.2.2.1 that the inaccurate expected resource conflict indication and the unnecessary re-selection will lead to the higher probability of collision can be validated. 
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Figure 20: PRR for highway–A, aperiodic traffic, 50% vehicles generate packets
Observation 21: Compared with Rel-16 Mode 2, the expected resource conflict indication cannot provide performance gain in terms of PRR due to the inaccurate indication and the unnecessary re-selection.

4.3 Simulation for detected resource conflict in Scheme 2 
4.3.1 Simulation assumptions
In this section, the simulation results for the half-duplex indication caused by the detected resource conflict is provided:
· R16 Mode 2 without half-duplex indication
· Inter-UE coordination with half-duplex indication
To align with the analysis in section 3.2.2.3, the cast type is groupcast option 1. The urban topology defined in TR 37.885 is divided into 16 groups, the UEs closest to each crossing belong to the same group. The required communication range is 200m. The vehicles are assumed to generate packets is 50%, and the periodic traffic with the inter-packet arrival time of 50 ms is considered. More simulation assumptions are given in the Appendix-C.

4.3.2 Simulation results
The simulation results of PRR are given in Figure 21. With the assumptions on the traffic density and the number of the active vehicles in our simulation, the probability that two UEs within one group transmit on the same slot, i.e. that condition#1 is met, is found to be 6.7%. In addition, when the communication range of 200m is required in urban scenario, since the pathloss degrades dramatically, the conditions#2 in section 3.2.2.3 that all the other group members have successfully decoded the packet is hard to be satisfied, and the probability that at least one other group member transmits NACK is found to be 100% in our simulation. Therefore, the retransmissions due to the NACK feedback from the other UEs within the group would lead to that no obvious performance gain can be achieved by the half duplex indication. 
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Figure 21: PRR for urban–A, periodic traffic, 50% vehicles generate packets
Observation 22: In urban scenario, the probability that two UEs within one group transmit on the same slot was evaluated to be 6.7%. At a range of 200 m, there was always at least one UE in the group reporting NACK, and thus triggering a re-transmission regardless of the half-duplex indication.
· The conditions under which the half-duplex indication is relevant (i.e. the two UEs choose the same resource, and no other UE has requested re-transmission via NACK) rarely exist in a groupcast urban scenario.
Observation 23: In urban scenario, there is no obvious performance gain can be achieved by the half duplex indication for groupcast Option 1.

5 Conclusions 
In this contribution, we discussed the enhancement for mode 2 resource allocation in NR-V2X R17.  We have the following observations and proposals: 
Observation 1: Rel-16 mode 2 resource allocation mechanism can experience the hidden node issue, leading to reception failure due to interference from hidden nodes.
Observation 2: Rel-16 mode 2 resource allocation mechanism can experience the exposed node issue, which may cause excessive exclusion of resources.
Observation 3: Rel-16 mode 2 resource allocation mechanism is subject to the half-duplex assumption, which can result in reservations being missed in a sensing UE’s resource exclusion procedure.
Observation 4: The mode 2 resource allocation mechanism in Rel-16 leads to large power consumption, and is not suitable for power constrained UE in Rel-17. 
Observation 5: In Rel-16 mode 2 resource allocation, multiple UEs may select the same periodic resources and suffer from consecutive packet loss due to simultaneous transmission in the past and the half-duplex restriction.
Observation 6: The potential issues existing in Rel-16 can be solved by transmitting the set of resources preferred for UE-B’s transmission.
Observation 7: The Scheme 2-1 resource set (expected resource conflict) has the following drawbacks:
· The benefits of expected resource conflict might very limited since UE-B itself will always do pre-emption check before using the reserved resource and can possibly find such collision.
· Expected resource conflict triggers UE-B to reselect resource and further perform unreserved transmission, which has high chance of collision and increased delay.
· Expected resource conflict is inaccurate in some cases. For the exposed node case, UE-A detects such collision does not necessarily mean the Rx UE cannot decode the data successfully. Such inaccurate expected resource conflict indication will cause unnecessary re-selection, which has the drawback of higher collision chance due to unreserved transmission, increased delay, etc.
Observation 8: The resource conflict situations may include many cases, e.g., conflict happens on one, or two, or multiple of those dynamically and/or periodically reserved resources by UE-B.  
Observation 9: If the conflict indication does not differentiate different conflict situations and UE-B reselects all the dynamically and periodically reserved resources when receiving the conflict indication, there could be some unnecessary reselection since some reserved resources may have no conflicts, and thus cause waste of resources, increased delay, higher collision chance due to unreserved transmission, etc.  
Observation 10: For unicast, UE A cannot identify the half-duplex issue when UE B and UE C establishes multiple unicast links and communicate with each other using different ID pairs..
Observation 11: Half-duplex indication might be applicable in groupcast where all the UEs (i.e., UE-A, UE-B, UE-C) are in the same group and UE-A needs to decode and compare the destination IDs (both 16 bits in SCI and 8 bits in MAC PDU).
Observation 12: Half-duplex indication might be useful only in rare case since it requires all the following conditions are met
· Condition#1: within a group, two UEs (UE-B and UE-C) choose to transmit on the same slot
· Condition#2: all the other group members have successfully decoded the packet
Observation 13: The feasibility of PSCCH collision indication is doubtful since UE-A probably cannot detect such collided PSCCH, because current specification does not require the UE to decode more than one PSCCH at each PSCCH resource candidate and the colliding PSCCH may use the same OCC for DMRS.
Observation 14: PSCCH collision indication might be useful only for groupcast option 1 in rare case since it requires all the other group members have successfully decoded the packet.
Observation 15: Regarding how UE-B takes “a set of resources” into account in the resource selection for its own transmission, when only UE-A senses, UE-B can benefit from power saving, or choose to not have the ability to perform sensing for device simplification.
Observation 16: Due to the nature of distributed resource allocation, when both UEs sense, it is infeasible to avoid resource collision completely.
Observation 17: When only UE-A senses and provides resources for multiple UEs within one group, it is feasible to avoid resource collision completely within the coordinated group of UEs due to the centralized scheduling. This has benefits for the system performance in terms of reliability, resource utilization efficiency, latency, etc.
Observation 18: When both UEs sense, the system will suffer from interference when transmitting trigger information and coordination information, and such interference can be avoided when only UE-A senses.
Observation 19:  Compared with the scheme of Rel-16 mode 2 resource allocation and both UEs sense, the scheme where only UE-A senses and provides resources for multiple UEs within one group has clear performance gains in terms of PRR.
Observation 20: The advantage of the centralized scheduling by only-A senses scheme can be validated in terms of PRR. 
Observation 21: Compared with Rel-16 Mode 2, the expected resource conflict indication cannot provide performance gain in terms of PRR due to the inaccurate indication and the unnecessary re-selection.
Observation 22: In urban scenario, the probability that two UEs within one group transmit on the same slot was evaluated to be 6.7%. At a range of 200 m, there was always at least one UE in the group reporting NACK, and thus triggering a re-transmission regardless of the half-duplex indication.
· [bookmark: _GoBack]The conditions under which the half-duplex indication is relevant (i.e. the two UEs choose the same resource, and no other UE has requested re-transmission via NACK) rarely exist in a groupcast urban scenario.
Observation 23: In urban scenario, there is no obvious performance gain can be achieved by the half duplex indication for groupcast Option 1.

Proposal 1: The feasibility and benefits of mode 2 resource allocation enhancements are considered with regard to their ability to address the issues of hidden nodes, exposed nodes, half duplex constraint, power saving, and consecutive packet loss.
Proposal 2：UE-B can provide the coordination request and sensing related parameters to UE-A by transmitting the trigger information explicitly.
Proposal 3: UE-A can transmit the coordinating information to UE-B of its own accord, depending on certain pre-defined conditions, e.g. periodically. 
Proposal 4: The preferred resource set refers to the resources which will be used by UE-B for transmission.
Proposal 5: The non-preferred resources can be the other UE’s reserved resources or UE-A’s transmission resources when the UE-A is the intended receiver of UE-B.
Proposal 6: The collision due to reservation from the other UEs in the non-monitored slot of UE-B can be indicted by UE-A.  
Proposal 7: RAN1 needs to discuss whether the conflict indication from UE-A needs to differentiate different conflict situations, and which resource(s) should UE-B reselect accordingly.
Proposal 8: Scheme 1 can be applied to wider range of scenario without the restriction of receiving SCIs from UE-B, so no conditions need to be defined for use of Scheme 1. 
Proposal 9: Further analysis of how to set conditions for use of Scheme 2 or sub-schemes are needed. The feasibility of options for down-selection within Scheme 2 depends on how often the conditions can be met.
· Detecting collision based on reservations from the other UEs in the non-monitored slot of UE-B can be considered as a condition. 
Proposal 10: For Scheme 1, when UE-A is the intended receiver of UE-B, subset or all of UE-A’s NR SL resources selected for its transmission(s) of TB(s) can be used to determine the coordination information. 
Proposal 11: For both scheme 1 and scheme 2, the collision due to UL and/or LTE resource can be avoided by the appropriate configuration by gNB.
Proposal 12: To avoid too much workload on specification, issue caused by the PSFCH transmission and/or reception can be up to UE implementation.
Proposal 13: Information on UE-B’s traffic requirement is necessary for Scheme 1 and it can be delivered by trigger information.
Proposal 14: The other UE’s reserved resource can be used to determine the coordination information in Scheme 1, while the coordination information (e.g., non-preferred resource set) received from other UEs can be discussed later. 
Proposal 15: When UE-A provides the coordination information for multiple UE-Bs by Scheme 1, resource set selected by UE-A for other UE-Bs’ transmissions is used to determine the coordination information.
Proposal 16: The UE-A’s candidate resource set by sensing procedure is used to determine the coordination information. 
Proposal 17: The other UE’s reserved resources are necessary to determine the resource conflict in Scheme 2.
Proposal 18: The 2nd stage SCI is used as the container for carrying the trigger information and coordination information.
Proposal 19: The new 2nd stage SCI format 2C and 2D in Table 1 are used to indicate the trigger information and coordination information in Scheme 1.  
Table 1: The fields for format SCI-2C and 2D
	Format
	SCI 2C
(trigger information)
	SCI 2D
(coordination information)

	Field
	Include this filed?
	Note
	Include this filed?
	Note

	Type indication
	No
	
	Yes
	To differentiate preferred or non-preferred resources under trigger based or non-trigger based procedure.

	Sub-channel size
	Yes
	To reflect UE-B’s transmission requirement
	FFS
	Not present if can be derived implicitly from “coordination resource” field

	Resource selection window
	Yes
	
	FFS
	

	Priority
	Yes
	
	Yes
	Only present in non-trigger based procedure.

	Period
	Yes
	
	Yes
	

	Coordination
Resource
	No
	
	Yes
	To indicate preferred or non-preferred resources

	UE-A ID
	yes
	To identify UE-A and UE-B
	Yes
	To identify UE-A and UE-B



Proposal 20: The unused PSFCH resources with the “0” in the bit string by the higher layer parameter sl-PSFCH-RB-Set can be used for collision indication.
Proposal 21: It is necessary for mode 2 resource allocation enhancements to address reliability issues caused by interference in the transmission of trigger information and coordinating information between UEs.
· This interference arises when both UEs in a pair need to perform sensing to find resources for transmitting trigger/coordination information.
Proposal 22: Mode 2 resource allocation enhancements are designed assuming that either one or both the involved UEs perform sensing and resource exclusion.
Proposal 23: UE-B determines transmission resources based on sensing and resource exclusion results from UE-A and/or UE-B:
· When only UE-A performs sensing and resource exclusion, UE-B uses the transmission resources indicated by UE-A, i.e. option 1-2.
· When both UE-A and UE-B perform sensing and resource exclusion, UE-B determines its transmission resources based on the sensing results from both UE-A and UE-B, i.e. option 1-1. 
Proposal 24: When both UE-A and UE-B perform sensing and resource exclusion, the intersection set of the preferred resources from UE-A and UE-B’s own sensing results should be given the first priority.
Proposal 25: UE-B should exclude the non-preferred resources from its own candidate resource set. 
Proposal 26: The role of UE-A or UE-B can be determined by the V2X application layer and passed to PHY layer.
Proposal 27: For inter-UE coordination, considering the signaling overhead and effectiveness of coordination information, unicast is supported to transmit coordinating/triggering information.


Appendix-A 
[bookmark: _Ref520964094][bookmark: _Ref521488396]Table 1: Basic simulation assumptions for Scheme 1 with preferred resources 
	Parameter
	Assumption

	Frequency
	6 GHz

	Simulation bandwidth
	40 MHz

	Sub-carrier spacing 
	60 kHz

	Scheduling
	Mode 2 in Rel-16, Inter-UE coordination scheme

	Synchronization
	ideal time frequency synchronization

	Link type
	Direct vehicle-to-vehicle link

	VUE antenna model
	TR 37.885 Option 1

	Traffic model
	50% vehicles generate packets
Among the vehicles generates packets, 80% vehicles use periodic traffic, 20% vehicles use aperiodic traffic
Periodic traffic: 
· Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8 
· Inter-packet arrival time:10 ms, 
Aperiodic traffic: 
· Packet size: Uniformly random in the range between 200 bytes and 2000 bytes with quantization step of 200 bytes.
· Inter-packet arrival time: 20ms + an exponential random variable with the mean of 20 ms

	Deployment and UE drop
	Highway-A  in TR 37.885

	Number of Tx/Rx antennas
	2Tx/4Rx 

	Cast type
	unicast


Appendix-B 
Table 2: Basic simulation assumptions for expected resource conflict in Scheme 2
	Parameter
	Assumption

	Frequency
	6 GHz

	Simulation bandwidth
	40 MHz

	Sub-carrier spacing 
	60 kHz

	Scheduling
	Mode 2 in Rel-16, pre-collision indication

	Synchronization
	ideal time frequency synchronization

	Link type
	Direct vehicle-to-vehicle link

	VUE antenna model
	TR 37.885 Option 1

	Traffic model
	50% vehicles generate packets
aperiodic traffic: 
· Packet size: Uniformly random in the range between 200 bytes and 2000 bytes with quantization step of 200 bytes.
· Inter-packet arrival time: 5ms + an exponential random variable with the mean of 5 ms 

	Deployment and UE drop
	highway-A  in TR 37.885

	Number of Tx/Rx antennas
	2Tx/4Rx 

	Cast type
	unicast


Appendix-C 
Table 2: Basic simulation assumptions for detected resource conflict in Scheme 2
	Parameter
	Assumption

	Frequency
	6 GHz

	Simulation bandwidth
	40 MHz

	Sub-carrier spacing 
	60 kHz

	Scheduling
	Mode 2 in Rel-16, half duplex indication

	Synchronization
	ideal time frequency synchronization

	Link type
	Direct vehicle-to-vehicle link

	VUE antenna model
	TR 37.885 Option 1

	Traffic model
	50% vehicles generate packets
Periodic traffic: 
· Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8 
· Inter-packet arrival time:50 ms

	Deployment and UE drop
	urban-A  in TR 37.885

	Number of Tx/Rx antennas
	2Tx/4Rx 

	Cast type
	Groupcast option 1
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