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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#104-e, the overall framework of inter-UE coordination for sidelink enhancement was discussed [2], including the definition of the coordination resources, the container carrying them, how they are used, the conditions under which they are transmitted, and the potential problems which need to be solved in sidelink enhancement.
In this paper, we provide analysis of the potential issues and outline some solutions for mode 2 enhancement, including the condition of transmitting the coordination information, the definition of coordination resources and how to use them, and discussion on the applicable cast type. 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.
[image: ]
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, trigger-based or 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, 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-conditions, e.g., UE-A periodically transmits the coordination information to UE-B. 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. 
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Figure 4: Procedure of non-trigger based mechanism
Proposal 3: UE-A can transmit the coordinating information to UE-B of its own accord, depending on certain pre-conditions, e.g. periodically. 
3.2 The definition of coordination resources 
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.
Generally, as discussed in RAN1#104-e [3], there can be three kinds of resource set:
· Type A: UE-A sends to UE-B the set of resources preferred for UE-B’s transmission
· e.g., based on its sensing result
· Type B: UE-A sends to UE-B the set of resources not preferred for UE-B’s transmission
· e.g., based on its sensing result and/or expected/potential resource conflict
· Type C: UE-A sends to UE-B the set of resources where the resource conflict is detected
3.2.1 Type A resource set 
With the type-A resource set, i.e., “the set of resources preferred for UE-B’s transmission”, UE-B can perform its own transmission on the suggested resources from UE-A without needing to incorporate further sensing information to the resource selection procedure, and the preferred resources can be sensed by UE-A itself, or provided by the gNB with which UE-A is associated. 
Since the aim of the inter-UE coordination for mode 2 is to enhance the reliability and reduce the latency, thus the provided “resource set” by UE-A should try to solve the potential issues which impact reliability and latency according the analysis in Section 2.     
With the help of the type A 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 type A 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 type A resource set, i.e., the set of resources preferred for UE-B’s transmission.
3.2.2 Type B resource set 
For the type-B resource set, i.e., “the set of resources not preferred for UE-B’s transmission”, UE-B needs to exclude these resources during its own the resource selection procedure. The non-preferred resources can be the other UE’s reserved resources or the conflicted resources which collide with UE-A’s transmitting or receiving if UE-A is UE-B’s receiver.  
Unlike type A resource set, some potential issues existing in Rel-16 may not be solved by type B resource set. For example, the power consumption cannot be decreased since UE-B still needs to perform the sensing procedure to find available transmission resources. Moreover, the resource waste caused by the exposed node cannot be solved in this case. For the consecutive packet loss issue or the half duplex issue, the non-preferred resources can only provide the collided resources or UE-A’s transmitting or receiving resource, but which resources should be used to replace the collided resources are still unclear. UE-B would still possibly select the other reserved resource due to the incomplete coordination information.    
Observation 7: The potential issues of power consumption, resource waste and consecutive packet loss cannot be completely solved by transmitting type B resource set, i.e., the set of resources not preferred for UE-B’s transmission.
 3.2.3 Type C resource set 
For the type C resource set, i.e., “the set of resource where the resource conflict is detected”, since the conflicted resources also belong to the resource which UE-B cannot use, it can be categorized as the type-B resource set, i.e., “the set of resources not preferred for UE-B’s transmission”. It seems the only difference between the two kinds of resource set are whether the conflicted resource is indicated explicitly or implicitly. The type B resource set needs to indicate the non-preferred resource explicitly, while an indication can be used to indicate the conflict in the type C resource set, 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. 
The type C resource set proposed by companies can be divided into three sub-types as below. The details of each sub-type will be analyzed in the following sub-sections.
· Type C-1 resource set: pre-collision indication
· Type C-2 resource set: half-duplex indication
· Type C-3 resource set: post-collision indication
3.2.3.1 Type C-1 resource set: pre-collision indication
As illustrated in Figure 5, Type C-1 is the pre-collision indication that UE-A indicates the reserved resources by UE-B are collided with the other UE’s reservation, i.e., UE-A helps UE-B to perform pre-emption check. 
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Figure 5: Pre-collision indication
However, 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 pre-collision indication is redundant and unnecessary. 
For hidden node which might not be detected by UE-B, the reselected resources after receiving the pre-collision 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 pre-collision indication will cause re-selection and unreserved transmission, which has the drawback of higher collision chance, increased delay, etc. 
Moreover, that 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 6, 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 pre-collision indication is inaccurate in exposed node case. 
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Figure 6: Exposed node in pre-collision indication

Observation 8: The type C-1 resource set (pre-collision indication) has the following drawbacks:
· Pre-collision indication is redundant and unnecessary since UE-B itself will always do pre-emption check before using the reserved resource and can possibly find such collision
· Pre-collision indication triggers UE-B to reselect resource and further perform unreserved transmission, which has high chance of collision and increased delay.
· Pre-collision indication 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 pre-collision indication will cause unnecessary re-selection, which has the drawback of higher collision chance due to unreserved transmission, increased delay, etc.

3.2.3.2 Type C-2 resource set: half-duplex indication
As illustrated in Figure 7, the type C-2 resource set is intended to solve the half-duplex issue, 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 7: Pre-collision indication
Since UE-A needs to know UE-B and UE-C wants to communicate with each other, this 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 9: 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 10: 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

3.2.3.3 Type C-3 resource set: post-collision indication
The type C-3 resource set illustrated in Figure 8 is the post-collision indication which is used when UE-A detects the collided PSCCH, and the indication can be NACK feedback. 
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Figure 8: Post-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 11: The feasibility of post-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 post indication might be useful only for groupcast 1. However, similar with type C-2 resource set, the NACK will be transmitted anyway when the traffic density in a medium size group is high. 
Observation 12: Post-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.

3.2.4 Comparisons among type A/B/C  
Assume the type A resource set includes all the preferred resources and type B resource set includes all the non-preferred resources, these two resource sets can be regarded as the complement of each other, for example, type A resource set can be UE-A’s SA while type B can be the complement of SA. In this case, UE-B can obtain the type A resource set automatically if the type B resource set is provided and vice versa. Thus, type-A resource set and type B resource set plays the same role when UE-B determines the final transmission resources.
Observation 13: The type A resource set and type B resource set resource set would play the same role for inter-UE coordination when the all the preferred resources or non-preferred resources are included.
If the type B resource set only includes parts of the resources which are not preferred for UE-B’s transmission, for example, only the UE-A’s transmitting or receiving resources are provided to solve the half duplex issue, the collision cannot be avoided completely since it is still possible that UE-B would select the resources reserved by the other UEs. 
Observation 14: The effectiveness of coordination information cannot be guaranteed by the type B resource set if only parts of the resources which are not preferred for UE-B’s transmission are provided.
However, as long as UE-B determines the final transmission resources from the type A resource set, the effectiveness of this resource set can be guaranteed even if parts of the preferred resources are provided.  
Observation 15:  The effectiveness of this resource set can be guaranteed as long as UE-B determines the final transmission resources from the type A resource set. 
As the analysis in section 3.2.3, the type C resource set is associated with the resources which are not preferred for UE-B’s transmission. Since the type B resource set can provide more information about the non-preferred resources than the type C resource set, where only one collision indication is informed, thus when the coordination signaling overhead is not considered, the performance gain provided by the type B resource set can be regarded as the upper bound of type C. 
Observation 16: When the coordination signaling overhead is not considered, the performance gain provided by the type B resource set can be regarded as the upper bound of type C.

From the analysis for the three types resource set, the type A resource set, i.e., preferred for UE-B’s transmission, can solve the potential issues in Rel-16, and it can avoid the drawbacks of the other two kinds of resource set. Therefore, it is proposed to support the set of resources preferred for UE-B’s transmission.
Proposal 4: For the definition of “a set of resources”, resource set which is preferred for UE-B’s transmission is a necessary part of the support for inter-UE coordination. 
3.3 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 candidate as the 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 5: The 2nd stage SCI can be used as the container for carrying the trigger information and coordination information. 
3.4 How to use the coordination resources 
One of the key questions in inter-UE coordination is how UE-B takes “a set of resources” into account in the resource selection for its own transmission. In general, either or both UEs may perform sensing:
· 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 17: 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 18: Due to the nature of distributed resource allocation, when both UEs sense, it is infeasible to avoid resource collision completely.
Observation 19: 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 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. 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 9, 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 9: Fallback case for trigger-based coordination

While for non-trigger coordination, as shown in Figure 10, 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. 
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Figure 10: Fallback case for non-trigger coordination

With the pre-configured trigger and/or coordination resource, the interference caused by transmitting trigger information and coordination information can be completely avoided within the coordinated group. 

Observation 20: 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 6: 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 7: Mode 2 resource allocation enhancements are designed assuming that either one or both the involved UEs perform sensing and resource exclusion.
Proposal 8: 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.
· 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. 
3.5 How UE-A and UE-B are determined
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. 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, then a large number of signaling exchange will be introduced, and the interference caused by transmitting these signaling cannot be avoided.  
Proposal 9: The role of UE-A or UE-B can be determined by the V2X application layer and passed to PHY layer.
3.6 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 3.4, 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.
For the transmission between UE-B and its destination UE, all the cast-type can be supported.
Proposal 10: For inter-UE coordination, considering the signaling overhead and effectiveness of coordination information, unicast and groupcast option 2 are 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 type A resource set 
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 11: 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 (pre-)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 12. 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 12: 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 13. 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 3.4 can be validated. 

[image: C:\Users\d00373424\AppData\Roaming\eSpace_Desktop\UserData\d00373424\imagefiles\0D29CBF1-1E5A-4126-B846-B33D351B6446.png]
Figure 13: PRR for highway–A, mixture of periodic and aperiodic traffic, 50% vehicles generate packets 

Observation 21:  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 22: The advantage of the centralized scheduling by only-A senses scheme can be validated in terms of PRR. 
4.2 Simulation for type C-1 resource set 
4.2.1 Simulation assumptions
In this section, the simulation results for the pre-collision indication is provided:
· R16 Mode 2 without pre-collision indication
· Inter-UE coordination with pre-collision 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 14. It can be observed that the PRR loss is introduced by pre-collision indication. For example, the PRR of pre-collision 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 3.2.3.1 that the inaccurate pre-collision indication and the unnecessary re-selection will lead to the higher probability of collision can be validated. 
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Figure 14: PRR for highway–A, aperiodic traffic, 50% vehicles generate packets
Observation 23: Compared with Rel-16 Mode 2, the pre-collision indication cannot provide performance gain in terms of PRR due to the inaccurate pre-collision indication and the unnecessary re-selection.

4.3 Simulation for type C-2 resource set 
4.3.1 Simulation assumptions
In this section, the simulation results for the half-duplex indication is provided:
· R16 Mode 2 without half-duplex indication
· Inter-UE coordination with half-duplex indication
To align with the analysis in section 3.2.3, 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 15. 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 3.2.3.2 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 15: PRR for urban–A, periodic traffic, 50% vehicles generate packets
Observation 24: 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 25: 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 type A resource set, i.e., the set of resources preferred for UE-B’s transmission.
Observation 7: The potential issues of power consumption, resource waste and consecutive packet loss cannot be completely solved by transmitting type B resource set, i.e., the set of resources not preferred for UE-B’s transmission.
Observation 8: The type C-1 resource set (pre-collision indication) has the following drawbacks:
· Pre-collision indication is redundant and unnecessary since UE-B itself will always do pre-emption check before using the reserved resource and can possibly find such collision
· Pre-collision indication triggers UE-B to reselect resource and further perform unreserved transmission, which has high chance of collision and increased delay.
· Pre-collision indication 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 pre-collision indication will cause unnecessary re-selection, which has the drawback of higher collision chance due to unreserved transmission, increased delay, etc.
Observation 9: 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 10: 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 11: The feasibility of post-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 12: Post-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 13: The type A resource set and type B resource set resource set would play the same role for inter-UE coordination when the all the preferred resources or non-preferred resources are included.
Observation 14: The effectiveness of coordination information cannot be guaranteed by the type B resource set if only parts of the resources which are not preferred for UE-B’s transmission are provided.
Observation 15:  The effectiveness of this resource set can be guaranteed as long as UE-B determines the final transmission resources from the type A resource set. 
Observation 16: When the coordination signaling overhead is not considered, the performance gain provided by the type B resource set can be regarded as the upper bound of type C.
[bookmark: _GoBack]Observation 17: 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 18: Due to the nature of distributed resource allocation, when both UEs sense, it is infeasible to avoid resource collision completely.
Observation 19: 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 20: 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 21:  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 22: The advantage of the centralized scheduling by only-A senses scheme can be validated in terms of PRR. 
Observation 23: Compared with Rel-16 Mode 2, the pre-collision indication cannot provide performance gain in terms of PRR due to the inaccurate pre-collision indication and the unnecessary re-selection.
Observation 24: 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 25: 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-conditions, e.g. periodically.
Proposal 4: For the definition of “a set of resources”, resource set which is preferred for UE-B’s transmission is a necessary part of the support for inter-UE coordination.
Proposal 5: The 2nd stage SCI can be used as the container for carrying the trigger information and coordination information.
Proposal 6: 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 7: Mode 2 resource allocation enhancements are designed assuming that either one or both the involved UEs perform sensing and resource exclusion.
Proposal 8: 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.
· 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. 
Proposal 9: The role of UE-A or UE-B can be determined by the V2X application layer and passed to PHY layer.
Proposal 10: For inter-UE coordination, considering the signaling overhead and effectiveness of coordination information, unicast and groupcast option 2 are supported to transmit coordinating/triggering information.

Appendix-A 
[bookmark: _Ref520964094][bookmark: _Ref521488396]Table 1: Basic simulation assumptions for type A
	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 type C-1 resource set
	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 type C-2 resource set
	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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