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[bookmark: _Hlk47602131]Introduction
The work item for Release-17 NR sidelink enhancement includes multiple objectives [1]:
1. Sidelink evaluation methodology update: Define evaluation assumption and performance metric for power saving by reusing TR 36.843 and/or TR 38.840 (to be completed by RAN#89) [RAN1]
· Note: TR 37.885 is reused for the other evaluation assumption and performance metric. Vehicle dropping model B and antenna option 2 shall be a more realistic baseline for highway and urban grid scenarios. 
2. Resource allocation enhancement:
· Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]
· Baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.
· Note: Taking Rel-14 as the baseline does not preclude introducing a new solution to reduce power consumption for the cases where the baseline cannot work properly.
· Study the feasibility and benefit of 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 if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following until RAN#90.
· 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 study scope after RAN#90 is to be decided in RAN#90.
· Note: The solution should be able to operate in-coverage, partial coverage, and out-of-coverage and to address consecutive packet loss in all coverage scenarios.
· Note: RAN2 work will start after [RAN#89].

In this contribution, we discuss the Mode 2 reliability and latency enhancement objective and propose designs to achieve those enhancements.
[bookmark: _Ref47681557]Issues Impacting Mode 2 Performance
For vehicular applications, the urban scenario is an important use case. Within urban scenarios, the NLOS link is the most challenging bottleneck. In particular, the communication link between 2 cars in NLOS conditions suffers heavily from the hidden node issue. To better illustrate the problem, let’s consider an example in Figure 1.
[image: ]
[bookmark: _Ref47623804]Figure 1. An Example of NLOS Hidden Node
In this example, let us assume d1 is 40 meters and d2 is 160 meters away from the crossroad. Due to NLOS path loss e.g. Figure 2, the first and second UE cannot receive SCI1 from each other (note that the Euclidian distance between UE1 and UE2 is around 165 meters). Even if they can, the measured RSRP will likely be below the configured exclusion RSRP threshold. As a result, transmissions from these 2 UEs are prone to collide with each other, regardless of reservation status.
[image: ]
[bookmark: _Ref47623914]Figure 2. Urban Pathloss Model
When transmissions from UE1 and UE2 collide, we plot the pathloss from a receiving UE3 for different position along the roads connecting UE1 and UE2 in Figure 3. Note that distance in the plot is the distance along the roads, not the Euclidean distance. In general, when distance is less than 40 meters, UE3 will be in the same horizontal road as UE1; and when the distance is larger than 40, UE3 will be in the same vertical road as UE2. In the righthand side is the corresponding SIR plot for the same scenario. 
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[bookmark: _Ref47623945]Figure 3. Path loss Condition of A receiving UE in NLOS Hidden Node Scenario. Left-Pathloss to Each Transmitter. Right-SIR from First Transmitter.
We can observe from the plot that there is a discontinuity on path loss condition when UE3 turns from horizontal road to vertical road. The pathloss to UE1 increases by 20dB from 80dB to 100dB; and the pathloss to UE2 decreases by 27.5dB from 117.5dB to 90dB. As a result, the SIR drops by 47.5dB from 37.dB to -10dB. That is going from decodable at the highest MCS to undecodable even at the lowest MCS. 
This example highlights the importance of addressing the hidden node issue under urban scenarios. This aspect is fundamentally unavoidable without having inter-UE coordination. For this reason, we think that addressing the hidden node issue, especially in the urban scenario, should be a main focus point for Release-17 inter-UE coordination solutions.
[bookmark: _Toc47685868]Observation 1: The NLOS hidden node issue significantly impacts performance in urban scenarios.
[bookmark: _Toc47685869]Observation 2: The NLOS hidden node issue can only be addressed by inter UE coordination.
[bookmark: _Toc47685889]Proposal 1: Study inter-UE coordination solutions to address the hidden node issue.
Resource Collision Indication
Resource collisions between transmissions occur when one UE is unaware of another UE’s transmission. This could occur in an initial transmission, which is sent unreserved in NR sidelink, or even in retransmissions, which are reserved.
Collisions with an unreserved transmission can occur due to the random nature of resource selection, in which two UEs could select overlapping resources. Collisions with a reserved transmission occur when a UE fails to receive or decode the SCI-1 containing the other UE’s reservation. This failure has many causes, for example, the hidden node problem discussed in Section 2, half duplex constraints, or processing timeline limitations.
Figure 4-a illustrates the case where UE0 and UE1 cannot reliably receive each other’s transmissions, including reservation information in SCI, but both UEs have unblocked LOS paths to UE2. In this case, UE0 and UE1 are unaware of each other’s reservations and could select overlapping resources, rendering UE2 unable to decode either transmission.
Figure 4-b and Figure 4-c show a UE1 that is unaware of UE0’s reservation because both reservations occur simultaneously, or there is insufficient time after UE0’s reservation for UE1 to incorporate it into its resource selection, respectively.
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[bookmark: _Ref47556340]Figure 4 (a) Hidden node, (b) half duplex, (c) processing time
[bookmark: _Toc47685870]Observation 3: Collisions occur due to many factors, e.g. hidden-node, undecodable control information,  half-duplex, and randomly selecting the same resource for an initial transmission.
Resource collisions can be detected either before they occur or after. Pre-collision detection is based on decoding the future-reservation information in SCI-1 of both transmissions. A UE can decode two SCIs and if they reserve overlapping resources, a collision is detected. Post-collision detection relies on a UE receiving the colliding PSCCH. After detecting a collision, a UE can send an inter-UE coordination message indicating the collision. 
[bookmark: _Toc47685871]Observation 4: A UE can detect and indicate colliding transmissions before they occur from reservation information in SCI-1.
[bookmark: _Toc47685872]Observation 5: A UE can detect and indicate colliding transmissions after they occur based on receiving PSCCH.
When a UE receives a pre-collision indication that one of its reservation will cause a collision. it can skip transmission on that resource and either continue on the next selected resource or reselect resources. A framework similar to pre-emption can be applied here where the pre-collision indictor can be viewed as pre-empting a transmission.
When a UE receives a post-collision indication that one of its transmissions overlapped with another, it can perform a retransmission.
The types of collision indication and the associated UE action are shown in Figure 5 and a timeline of both processes is shown in Figure 6.
[bookmark: _Toc47685873]Observation 6: When a UE receives pre-collision indication, it can change its reservation and avoid the collision.
[bookmark: _Toc47685874]Observation 7: When a UE receives post-collision indication, it can retransmit the colliding transmission and recover from the collision.
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[bookmark: _Ref47604029]Figure 5 Pre-collision and post-collision indication.
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[bookmark: _Ref47604519]Figure 6 Timeline of pre-collision and post-collision and UE reaction.
For both pre-collision and post-collision indication to be effective, low latency is required. In the case of pre-collision indication, the indication should arrive early to provide the UE with sufficient time to cancel the colliding transmission and potentially select a different resource. For post-collision indication, latency is important so that the transmitting and receiving UEs do not flush their buffers.
[bookmark: _Toc47685875]Observation 8: Pre-collision and post-collision indication should have low latency to maximize effectiveness.
Collision indication is important to address persistent collisions where a UE is unaware that its transmissions are persistently colliding with another UE’s. When such a UE receives a collision indication, it can adjust its transmission resources accordingly and avoid persistent collisions.
[bookmark: _Toc47685876]Observation 9: Pre-collision and post-collision indication can also prevent persistent collisions.
From the above discussion, it can be seen that pre-collision and post-collision indication enable the inter-UE coordination framework to avoid collisions and to recover from those that occurred. We therefore propose to study pre-collision and post-collision indication as part of Mode 2 reliability enhancements.
[bookmark: _Toc47685877]Observation 10: Inter-UE coordination can be used to avoid and recover from collisions.
[bookmark: _Toc47685890]Proposal 2: Study pre-collision and post-collision indication to enhance Mode 2 reliability.
Sharing of Resource Information
Sensing information at a UE could be incomplete due to power savings, half-duplex, or other impairments. If a UE receives sensing information from another UE, this information could be used to complement or replace the UE’s own sensing information. With more complete sensing information, the UE can make a more informed decision when selecting its resources, avoiding collisions with other UEs’ transmissions and improving performance. As with using inter-UE coordination to indicate collisions, shared sensing information needs to have low latency to be effective.
[bookmark: _Toc47685878]Observation 11: Some sensing information can be missing at a UE due to many factors, e.g. half-duplex, hidden node, undecodable control information.
[bookmark: _Toc47685879]Observation 12: UEs can use shared sensing information to complete their own and select more suitable resources, improving reliability.
[bookmark: _Toc47685880]Observation 13: Shared sensing information should have low latency to maximize effectiveness.
[bookmark: _Toc47685891]Proposal 3: Study sharing of sensing information to enhance Mode 2 reliability.
In addition to collision and sensing information, UEs can share resource preference information. For example, a UE could share a set where it is unable to receive due to half-duplex constraint. Other UEs would use this information and incorporate it into their resource selection to better communicate with this UE. Similarly, a UE could share a set of preferred resource that it would like other UEs to use.
[bookmark: _Toc47685881]Observation 14: A UE can share preferred resources for other UEs to schedule transmissions, e.g. for unicast or groupcast transmissions, based on expected reception, transmission, or channel conditions.
[bookmark: _Toc47685882]Observation 15 A UE can share undesirable resources for other UEs to avoid when scheduling transmissions, based on expected reception, transmission, or channel conditions.
[bookmark: _Toc47685883]Observation 16: By utilizing or avoiding resources according to resource preference information, a UE can improve resource selection, improving Mode 2 reliability
[bookmark: _Toc47685892]Proposal 4: Study sharing of resource preference information to enhance Mode 2 reliability
Minimum Number of Retransmissions
In Release-16, the combination of blind and feedback-based retransmission was discussed as a method to improve reliability of sidelink transmissions. 
[bookmark: _Toc47685884]Observation 17: A UE could miss or misinterpret feedback due to, inter-UE prioritization, half-duplex, PSFCH detection error and other causes.
The performance improvement is a result of providing a minimum number of retransmissions to ensure that all target UEs reliably decoded SCI-1 and SCI-2 and were able to provide feedback and that any negative feedback was reliably detected by the UE transmitting the data. This can be achieved by allowing a mix of blind and feedback transmissions, allowing the transmitter to perform a minimum number of retransmissions regardless of feedback value, or via inter-UE coordination. Details for such a mechanism were proposed in our RAN2 contribution [2]. The results from that contribution with a minimum of 2 transmissions and maximum of 4 are reproduced in Figure 7, which shows two traffic patterns in a highway scenario (a) using NR medium traffic model and (b) using denser traffic than NR medium traffic with inter-packet arrival time of 25 ms + an exponential random variable with the mean of 25 ms.
[bookmark: _Toc47685885]Observation 18: Allowing the transmitter to perform multiple retransmissions for the same TB regardless of feedback for the initial transmission improves reliability.
[bookmark: _Toc47685886]Observation 19: Ensuring a minimum number of retransmissions can be applied at the transmitter as part of HARQ procedure or at the receiver as part of inter-UE coordination
[image: ][image: ]
[bookmark: _Ref47613188]Figure 7 Performance gains with a minimum of two transmissions per TB. (a) NR medium traffic (b) twice the traffic amount as NR medium.


[bookmark: _Toc47685893]Proposal 5: Study methods to ensure a minimum number of retransmissions per TB to enhance Mode 2 reliability
Latency Reduction
In Release-16 NR sidelink, transmission resources are randomly selected from the selection window. We submitted results showing that allowing the UE to select from among the earliest available resources in the selection window significantly reduces packet reception latency and can also improve performance [3]. The results are reproduced in Figure 8 for reference.
[image: ][image: ]
[bookmark: _Ref47608605]Figure 8 Performance and latency benefits of selecting from among the earliest available resources for the initial transmission of a TB
[bookmark: _Toc24125420][bookmark: _Toc37448838][bookmark: _Toc47685887]Observation 20: Selecting from the earliest available candidates within the selection window for the initial transmission significantly reduces packet reception delay without impacting performance.
[bookmark: _Toc47685894]Proposal 6: Study selecting from among the earliest available resources in the selection window for the initial transmission to enhance Mode 2 latency.
Inter-UE Coordination Mechanism
As discussed in previous sections, low latency is required to maximize the efficacy of inter-UE coordination information. Therefore, we propose to study low latency mechanisms for delivering this information.
[bookmark: _Toc47685888]Observation 21: Inter-UE coordination information should have low latency to be effective
[bookmark: _Toc47685895]Proposal 7: Study low latency mechanisms for delivering inter-UE coordination information.
An inter-UE coordination signalling can be triggered at a UE upon receiving a request or can be triggered based on the locally available information or event. To ensure that the inter-UE coordination information is not stale when received at other UEs, the transmission of the request and/or the inter-UE coordination report should not be subjected to resource reservation and/or collision to the extent possible. One way to achieve these objectives is to use dedicated resources for sending a request and/or a report. An example of inter-UE coordination signalling triggered by a request is illustrated in Figure 9 below (Note that in case the triggering is not based on receiving an explicit request, the request resources need not be used/allocated.)


Figure 9: An example of inter-UE coordination signalling procedure triggered upon receiving a request from other UEs.
As shown in the figure, a UE B and a UE C can use one or multiple of the request resources each to ask a UE A to report an inter-UE coordination information. A UE A uses one or multiple of reporting resources to communicate back with a UE B and a UE C.
Similarly, Figure 10 illustrates an example where UE-A is providing inter-UE coordination signalling based on a triggering event instead of an explicit request. In this example, there are no resources used or allocated for requests.
[bookmark: _GoBack][image: ]
[bookmark: _Ref47719118]Figure 10: An example of inter-UE coordination signalling procedure triggered based on a locally available event
[bookmark: _Toc47685896]Proposal 8: Consider using dedicated resources for inter-UE coordination signalling to reduce latency and improve reliability. 
Conclusion
Observation 1: The NLOS hidden node issue significantly impacts performance in urban scenarios.
Observation 2: The NLOS hidden node issue can only be addressed by inter UE coordination.
Observation 3: Collisions occur due to many factors, e.g. hidden-node, undecodable control information,  half-duplex, and randomly selecting the same resource for an initial transmission.
Observation 4: A UE can detect and indicate colliding transmissions before they occur from reservation information in SCI-1.
Observation 5: A UE can detect and indicate colliding transmissions after they occur based on receiving PSCCH.
Observation 6: When a UE receives pre-collision indication, it can change its reservation and avoid the collision.
Observation 7: When a UE receives post-collision indication, it can retransmit the colliding transmission and recover from the collision.
Observation 8: Pre-collision and post-collision indication should have low latency to maximize effectiveness.
Observation 9: Pre-collision and post-collision indication can also prevent persistent collisions.
Observation 10: Inter-UE coordination can be used to avoid and recover from collisions.
Observation 11: Some sensing information can be missing at a UE due to many factors, e.g. half-duplex, hidden node, undecodable control information.
Observation 12: UEs can use shared sensing information to complete their own and select more suitable resources, improving reliability.
Observation 13: Shared sensing information should have low latency to maximize effectiveness.
Observation 14: A UE can share preferred resources for other UEs to schedule transmissions, e.g. for unicast or groupcast transmissions, based on expected reception, transmission, or channel conditions.
Observation 15 A UE can share undesirable resources for other UEs to avoid when scheduling transmissions, based on expected reception, transmission, or channel conditions.
Observation 16: By utilizing or avoiding resources according to resource preference information, a UE can improve resource selection, improving Mode 2 reliability
Observation 17: A UE could miss or misinterpret feedback due to, inter-UE prioritization, half-duplex, PSFCH detection error and other causes.
Observation 18: Allowing the transmitter to perform multiple retransmissions for the same TB regardless of feedback for the initial transmission improves reliability.
Observation 19: Ensuring a minimum number of retransmissions can be applied at the transmitter as part of HARQ procedure or at the receiver as part of inter-UE coordination
Observation 20: Selecting from the earliest available candidates within the selection window for the initial transmission significantly reduces packet reception delay without impacting performance.
Observation 21: Inter-UE coordination information should have low latency to be effective

Proposal 1: Study inter-UE coordination solutions to address the hidden node issue.
Proposal 2: Study pre-collision and post-collision indication to enhance Mode 2 reliability.
Proposal 3: Study sharing of sensing information to enhance Mode 2 reliability.
Proposal 4: Study sharing of resource preference information to enhance Mode 2 reliability
Proposal 5: Study methods to ensure a minimum number of retransmissions per TB to enhance Mode 2 reliability
Proposal 6: Study selecting from among the earliest available resources in the selection window for the initial transmission to enhance Mode 2 latency.
Proposal 7: Study low latency mechanisms for delivering inter-UE coordination information.
Proposal 8: Consider using dedicated resources for inter-UE coordination signalling to reduce latency and improve reliability.
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