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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].
The agreements made in RAN1#102-e meeting for Release-17 NR sidelink reliability enhancement are as follows:
[bookmark: _Hlk57107798]Agreement:
· The schemes of inter-UE coordination in Mode 2 are categorized as being based on the following types of “A set of resources” sent by UE-A to UE-B:
· UE-A sends to UE-B the set of resources preferred for UE-B’s transmission
· e.g., based on its sensing result
· 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
· UE-A sends to UE-B the set of resource where the resource conflict is detected
· FFS: details of resource conflict, e.g., including type of resource conflict
· FFS: details of sensing operation at UE-A side
· FFS: which type(s) of resource set information is(are) beneficial/feasible to which cast type(s)
· Note: these different types may be used in combination with each other
· From RAN1 perspective, further study on the feasibility/benefit of inter-UE coordination is required
· Send an LS to RAN plenary

Agreement:
· For the schemes of inter-UE coordination identified as feasible/beneficial, at least the following aspects are further discussed.
· How/when UE-A determines the contents of ”A set of resources”, including consideration of UL scheduling
· When UE-A sends ”A set of resources” to UE-B, including which UE(s) sends it
· How UE-A and UE-B are determined
· How UE-A sends ”A set of resources” to UE-B, including container used for carrying it, implicitly or explicitly or both
· How/when/whether UE-B receives “A set of resources” and takes it into account in the resource selection for its own transmission
· How/whether to define the relationship between support/signaling of inter-UE coordination and cast type

In this contribution, we present proposals on how to implement designs according to the above agreements for the Mode 2 reliability and latency enhancement objective.
Processing Delay as a Cause of Resource Conflicts
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. Further explanations and an illustrative example are provided in Appendix C
[bookmark: _Toc62723553]Observation 1: Collisions occur due to many factors, e.g., hidden-node, undecodable control information, half-duplex, resource selection timeline constrains 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. Pre-collision indication can use PSFCH resources.
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Figure 1: Processing timeline, avoidable conflict
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[bookmark: _Ref61876832]Figure 2: Processing timeline, unavoidable conflict.
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Figure 3: Processing timeline with Inter UE coordination, avoidable conflict.
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[bookmark: _Ref61877655]Figure 4: Processing timeline with Inter UE Coordination, unavoidable conflict.
One main source of such colliding is the processing timeline of resource selection mechanism. This timeline introduces the following delays:
i) Resource reservation processing delay : this is the time delay between when the resource reservation is signalled in SCI-1 until the earliest time when the sensing UE can make use of that information in its resource selection process. This is the time needed for the UE to perform SCI decoding, extracting resource reservation information, and update the reservation information in its internal database. 
ii) Resource selection processing delay : this is the time needed for the UE to perform all the steps specified in Section x.x of TS 38.214 to form a resource candidate set based on its internal database. Randomly select resources in the candidate set to form an autonomous grant and preparing encoded packet to send on the autonomously granted resources. 
iii) Inter-UE coordination message delay. This delay depends on the size and container of the coordination messages. As analysed in Section 4 for resource information sharing, this delay includes the processing delay at the forwarding UE, channel accessing delay to transmit the Inter-UE coordination message forwarding message and the processing delay at the sensing UE to decode and process the message. We can denote this delay by .
If the sensing UE can decode the original SCI where the reservation information is conveyed, a collision can still happen if the other UE send the SCI less than  from this UE transmission as shown in Figure 2. If the UE cannot decode the original SCI, and has to obtain such information via inter UE coordination mechanism, a collision can still happen if the other UE send the original SCI less than  from this UE transmission time as shown in Figure 4.
Take 30kHz sub carrier spacing as an example and assume =  based on analysis in Section 3, e.g. we assume that transmit preparation time and reception processing time of reservation forwarding message is the same as normal PSCCH and PSSCH transmission and that channel accessing delay for reservation forwarding message is at least 0. The total delay for reservation from hidden nodes is at least around 12 slots ( slots and  slots). Considering UE can only reserve at most 32 slots in the future for retransmission of the same packet, we expect timeline delay will be one of the main reasons for resource collision in the system. Pre-collision notification is the right tool to address this type of collision and should be supported.
On the other hand, it will also be beneficial to introduce shorter timeline for UEs supporting high reliability communication, based on the above analysis.
[bookmark: _Toc62723554]Observation 2: UE processing timeline can be a major source of reservation conflict in high reliability regime.
[bookmark: _Toc62723555]Observation 3: Shorter processing timeline can help addressing processing timeline delay induced reservation conflicts. 
[bookmark: _Ref61877781]Resource Conflict Indicators
Resource conflicts could be a resource collision in the past, a resource collision in the future, or a half-duplex conflict.
[bookmark: _Toc62723556]Observation 4: A resource conflict may be any one of the following: a past collision, a possible future collision or half-duplex conflict.
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. This can be achieved by sending NACK feedback.
[bookmark: _Toc62723557]Observation 5: A UE can detect and indicate colliding transmissions before they occur from reservation information in SCI-1.
Pre-collision detection relies on decoding PSCCH that reserve conflicting resources. The detecting UE can then indicate the future conflict.
[bookmark: _Toc62723558]Observation 6: 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.
Another aspect that can be addressed by the same indication mechanism as post-collision is half duplex conflicts; for example, when two UEs transmit at the same time, but not necessarily on overlapping RBs. If those two UEs want to communicate with each other, then both will need to retransmit. A third UE detecting this conflict can send NACK feedback to both UEs and trigger a retransmission. To avoid introducing many retransmissions that could congest the system, conflict indicator transmission could be limited by the system load.
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[bookmark: _Ref47604029]Figure 5 Half duplex, pre-collision and post-collision indication.
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[bookmark: _Ref47604519]Figure 6 Timeline of pre-collision, post-collision, and half duplex indication and UE reaction.


[bookmark: _Toc62723559]Observation 7: A UE can detect that two UEs suffered from a half duplex conflict after the transmissions occur based on receiving PSCCH.
The types of collision and conflict indication and the associated UE action are shown in Figure 5 and a timeline of both processes is shown in Figure 6.
[bookmark: _Toc62723560]Observation 8: When a UE receives pre-collision indication, it can change its reservation and avoid the collision.
[bookmark: _Toc62723561]Observation 9: Pre-collision notification can help address reservation conflicts induced by processing timeline delay.
[bookmark: _Toc62723562]Observation 10: When a UE receives post-collision or half duplex indication, it can retransmit the conflicting transmission and recover from the collision or conflict.
For pre-collision, post-collision, and half duplex 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 and half duplex indication, latency is important so that the transmitting and receiving UEs do not flush their buffers.
[bookmark: _Toc62723563]Observation 11: Conflict indication should have low latency to maximize effectiveness.
Conflict indication is important to address persistent collisions where a UE is unaware that its transmissions are persistently colliding or coinciding with another UE’s. When such a UE receives a collision indication, it can adjust its transmission resources accordingly and avoid persistent collisions.
[bookmark: _Toc62723564]Observation 12: Conflict indication can also prevent persistent packet losses.
From the above discussion, it can be seen that pre-collision, post-collision, and half-duplex indication enable the inter-UE coordination framework to avoid collisions and conflicts and to recover from those that occurred. We therefore propose to adopt pre-collision and post-collision indication as part of Mode 2 reliability enhancements.
[bookmark: _Toc62723565]Observation 13: Inter-UE coordination can be used to avoid and recover from collisions or half duplex.
[bookmark: _Toc62723585]Proposal 1: Support pre-collision, post-collision, and half duplex indication to enhance Mode 2 reliability.
Collision and conflict indications need to be transmitted with low delay so that the UE-s receiving the indication can have sufficient time to react to it either by scheduling a retransmission or reselection future resources. Thus, it is beneficial to transmit them over the PSFCH. This could be either using the PSFCH resources not used for feedback transmissions, or using the ones used for PSFCH transmission and associated with one or all the UE-s involved in the conflict.
It should be noted that using PSFCH resources does not limit the applicability of conflict indicators to only transmissions with feedback. The same mapping rules between a transmission and its PFSCH can be in such cases, e.g. broadcast.
[bookmark: _Toc62723566]Observation 14: Conflict indicators are applicable to all cast types and to transmissions with and without feedback. 
Further, resource conflict indications can provide additional gain in reliability when used with resource information sharing (discussed in Sec. 4) as in certain scenarios, if the transmission timeline has strict timing constraints, the UE-s sharing or receiving the resource information may not be able to react to the conflict event in time.
[bookmark: _Ref61622567]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 utilized for resource selection. 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: _Toc62723567]Observation 15: Some sensing information can be missing at a UE due to many factors, e.g. half-duplex, hidden node, undecodable control information.
[bookmark: _Toc62723568]Observation 16: UEs can use shared sensing information to use in resource selection, improving reliability.
[bookmark: _Toc62723569]Observation 17: Shared sensing information should have low latency to maximize effectiveness.
[bookmark: _Toc62723586]Proposal 2: 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 choose from. 
[bookmark: _Toc62723570]Observation 18: A UE can share preferred resources for other UEs to select resource, e.g. for unicast transmissions, based on expected reception, transmission, or channel conditions.
We note that sharing of preferred resources might not be beneficial to broadcast or groupcast transmissions. Moreover, selecting resources based on the indicated preferred resource set requires additional signalling between the two unicast peers. This may delay the resource reselection procedure and provide little gains to the system [5].
[bookmark: _Toc62723571]Observation 19: A UE can share undesirable resources for other UEs to avoid when scheduling transmissions, based on expected reception, transmission, or channel conditions.
Furthermore, when sharing preferred resources is employed, an open question is whether transmitter UE still need to use its own sensing result. We think that unitising some sensing information at the transmitter side is beneficial to avoid excessive cross-link interference. This is an important issue in mixed unicast/groupcast scenarios where transmitting on resources favourable to a unicast link may cause significant crosslink interference to another groupcast transmission. Same thing can be applied to mixed unicast/broadcast scenario. 
[bookmark: _Toc62723572]Observation 20: When sharing preference resources is employed, UE need to still account for transmitter side sensing information coming from at least other groupcast/broadcast transmitters.
[bookmark: _Toc62723587]Proposal 3: Study sharing of resource information to enhance Mode 2 reliability.
The sharing of resource information will incur some overhead and hence use more radio resources than just transmitting data packets. Further, there may be scenarios where resource conflicts are not common, for example when the hidden node problem is rare. In these cases, the additional overhead due to resource information sharing may be unjustified. One solution is to use resource conflict indication, as discussed in Sec. 3, to trigger resource information sharing.
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Figure 7: Resource Information Forwarding Timeline
Another important aspect in sharing resource information is the associated delay. In general, after SCIs are received, a UE needs time to extract reservation information; processing to decide which resource reservation information need to be forwarded to which other UEs; prepare the container to send the resource reservation information; find the resource to send the container. At the receiving end, the UE need to decode the container, extract the forwarded reservation information and apply the information to its own resource selection procedure. A first order analysis of each of the delay components are as follow:
1. Extract reservation information after original SCI is received: denoted by , this is similar to  in nature.
2. Processing to decide which resource reservation information need to be forwarded to which other UEs; prepare the container to send the resource reservation information: denoted by , this is similar to in nature.
3. Find the resource to send the container: this is dependent on the particular forwarding scheme. The delay can vary from 0 slot (e.g. immediate forwarding using dedicated resource) to very large (e.g. piggybacking with existing data). It’s also worthwhile to note that this is not a systematic delay. Some UE may experience long channel accessing delay, but some other UE may not depend on the local resource availability. For this reason, we denote this term as  At the end of the day, optimizing this channel accessing delay is finding the best trade-off between the delay and the resource overhead.
4. Extract the forwarded reservation information: denoted by , this is similar to  in nature.
The extra delay introduced by resource reservation forwarding mechanism will be quite significant, considering that UE can only reserve up to 32 slots in the future for retransmitting of the same packet. In order to enable maximum benefit from resource reservation forwarding, other complement techniques need to be introduced to address this delay. We can mention here a few, detail discussion of each technique can be found in other Sections (2, 3, 4):
1. Dedicated resource for resource information forwarding. (Section 3)
2. Tighten timeline delay (Section 5)
3. Pre-collision Notification (Section 2)
Evaluation Results
We provide in this section evaluation results for techniques proposed for study in Sections 3, 4 and 5. They can be categorized into two types
· Conflict Indication: Techniques involving feedback procedure, namely
a. Half duplex indication.
b. Post collision indication.
· Resource Information Sharing: Techniques involving future reservations: We consider an option where information about future reservations from other UEs are sent with data whenever forwarding UEs have data to transmit. It should be noted that, unlike the modelling of techniques involving feedback procedure, the modelling of this class of techniques in this section is still ideal in the sense that no extra resources are allocated for the extra information bit corresponding to the forwarded information. 
We focus on the urban scenario in this section in Figure 8, Figure 9, and Figure 10. More details on simulation assumptions can be found in appendix A.
Figure 8 shows the performance of post-conflict indicators for periodic traffic using SPS reservations, where it can be observed that the communication range at the 99th PRR is 22%.
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[bookmark: _Ref62669236]Figure 8 Comparing conflict indication with R16, periodic traffic and SPS reservation. 
[bookmark: _Toc62723573]Observation 21: Introducing post collision indication and half duplex indication improves communication range by 22% for periodic traffic.
In Figure 9, we compare the PRR of conflict indication techniques with resource sharing techniques when traffic is aperiodic. As we can see, conflict indication gives a clear benefit in terms of reliability. The range increase at the 99th percentile PRR is 33%. On the other hand, resource information sharing provided approximately 10% range increase. For resource information sharing, the information is piggybacked on outgoing SL-SCH transmissions to avoid increasing system congestion and to avoid an increase in half-duplex issues.
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[bookmark: _Ref54363985]Figure 9. Comparing conflict indication with resource information sharing.
[bookmark: _Toc62723574]Observation 22: Introducing post collision indication and half duplex indication improves communication range by 33% for aperiodic traffic.
In Figure 10, we confirm that a major shortcoming of resource information sharing is the delay in delivering the sensing information. Here we consider a genie, zero-delay forwarding scheme, where each receiver can instantaneously forward its sensing information in a slot to all other UEs for use in the following slot. Here the delivery is ideal in the sense that a) the information is always received by other UEs, b) the delivery does not incur any half duplex cost in the forwarding UE and c) the forwarding does not cause any interference to other data transmission. It can also be observed that for the best performance, sensing information forwarding can be implemented on top of conflict indicators.
The result clearly indicates the need to study a forwarding mechanism with a low transmission latency that is applied in addition to conflict indication. Of course, such a mechanism should balance the benefit with the cost of sending the information, e.g. increased half duplex and collision in the system. We discuss such a mechanism in Section 6.

[image: ]
					
[bookmark: _Ref54364013]Figure 10. The cumulative gain of adding forwarded sensing information to conflict indicators with aperiodic traffic.

[bookmark: _Toc62723575]Observation 23: Forwarding of sensing and resource information, without a low latency transmissions mechanism, does not improve system performance.
[bookmark: _Toc62723576]Observation 24: Forwarding of sensing and resource information can provide cumulative performance gain with post collision indication and half duplex indication when the former has sufficiently low latency.

We also study the benefit of Conflict Indication mechanism under periodic traffic and SPS reservation setting. The range increase at the 99th percentile PRR is 25% in this setting. Further simulation assumptions can be found in Table 2, appendix A.
[bookmark: _Toc62723588]Proposal 4: Further study solutions to convey resource information with tight delay requirement, considering related cost factor such as extra half duplex and collision in the system.
[bookmark: _Ref54378110]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: _Toc62723577]Observation 25: Inter-UE coordination information should have low latency to be effective
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 11: 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 12 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. Collision indication, half-duplex indication, and explicit ACK would follow this example. The trigger would be a collision, half-duplex conflict, or successful decoding subject to RSRP threshold. The response would be the transmission on PSFCH.
[image: ]
[bookmark: _Ref47719118]Figure 12: An example of inter-UE coordination signalling procedure triggered based on a locally available event.
[bookmark: _Toc62723589]Proposal 5: Use dedicated resources for inter-UE coordination signalling to reduce latency and improve 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 13 for reference.
[image: ][image: ]
[bookmark: _Ref61878930]Figure 13 Performance and latency benefits of selecting from among the earliest available resources for the initial transmission of a TB
[bookmark: _Toc62723578]Observation 26: Selecting from the earliest available candidates within the selection window for the initial transmission significantly reduces packet reception delay without impacting performance.
A diagram of the resource selection process is shown in Figure 14 where the overall resource selection window is segmented into two windows. The window for the initial transmission is smaller, forcing the selection of an early resource, while still providing randomization in resources to avoid collisions.
[image: ]
[bookmark: _Ref61878954]Figure 14 Selecting from among the earliest available resources for the initial transmission of a TB
It was noted in [4], that due to reservations being limited to a window of 32 slots in the future, only the first portion of the resource selection has information about resource availability. The remaining portion would all be considered as available resources. This favours selection of later candidates in the selection window, further increasing latency and impacting performance in the high PRR region. Two solutions were proposed in [4] and both comprise using two or more selection windows. Results from that contribution are reproduced in Figure 14, where Option 1 utilizes a separate selection window for each retransmission and Option 2 split the resource selection window into two with a certain proportion of available candidates that needs to be available in each. Both options provide the ability to select the initial transmission from among the early resources in the selection window while addressing the RSRP sweeping issue.
[image: ]
Figure 15 Comparing Different Options for RSRP Sweeping Fix
[bookmark: _Toc62723590]Proposal 6: Study selecting from among the earliest available resources in the selection window, or having a separate selection window, for the initial transmission to enhance Mode 2 latency.
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: _Toc62723579]Observation 27: 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 for high-priority packets and maximum of 4 are reproduced in Figure 16, 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. The minimum of retransmissions was only applied to high priority traffic.
[bookmark: _Toc62723580]Observation 28: Allowing the transmitter to perform multiple retransmissions for the same TB regardless of feedback for the initial transmission improves reliability.
[bookmark: _Toc62723581]Observation 29: 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 16 Performance gains with a minimum of two transmissions per TB. (a) NR medium traffic (b) twice the traffic amount as NR medium.

[bookmark: _Toc62723582]Observation 30: 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.
[bookmark: _Toc62723591]Proposal 7: Study methods to ensure a minimum number of retransmissions per high-priority TB to enhance Mode 2 reliability
[bookmark: _Hlk54289647]Improved Feedback Mechanism
Another coordination method to ensure collision and conflict recovery is the feedback mechanism. In particular, the Release-16 feedback mechanism could be improved to better support high reliability communication by addressing some limitations discussed in this section.
1) Feedback near-far effect on the same link: for groupcast, there are multiple receivers reporting feedback for the same transmitter. The receivers who are closer to the transmitter have much higher chance to receive the packet. ACK feedback from those receivers will also arrive at the transmitter at a much higher signal power than feedback (ACK or NACK) from more vulnerable receivers further away. Such power imbalance can create AGC/ADC saturation that degrades, even severely, the transmitter’s ability to receive feedback from far UEs. We note that which UEs are considered and which are considered far is affected by channel conditions, not only physical distance.
[image: ]
Figure 17 Near-far feedback problem in single link.
2) Feedback near-far effect across different links: another type of near-far effect is illustrated in [image: ]Figure 18. UE A needs to send feedback to UE B while UE C needs to send feedback to UE D at the same time. However, UE A is much closer to UE B than UE C is to UE D. As a result, feedback from UE A to UE B will saturate AGC/ADC at UE D and make feedback from UE C to UE D would not be receivable.
[image: ]Figure 18 Near-far feedback problem across different linksB
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3) Limited UE feedback transmission capability: in sidelink, a receiver may receive data from multiple transmitters, and hence may need to transmit feedback to multiple UEs at the same time. If the number of concurrent feedback transmissions exceeds the UE’s transmission capability, some feedback will need to be dropped. Even in case multiple feedback can be sent, there will be significant signal power reduction due to MPR and power sharing between concurrent feedback transmissions, which degrades the quality of the feedback.
[image: ]
Figure 19 Limited feedback transmission capacity.
4) Feedback channel half duplex: another possibility in sidelink is that a UE might need to transmit feedback to other UEs at the same time as when it is expecting to receive feedback for its own transmission. This is due to decentralized nature of sidelink communication. When this happens, the UE needs to either drop feedback transmission(s) to receive its own feedback or send the feedback and has to decide to retransmit its own packet or not without feedback information. Both possibilities have negative impact on reliability. 

5) Limited available feedback resources: in some mode of operation, each receiver is given a feedback resource. If there are too many receivers in a group, there may not be enough feedback resources and NACK only feedback mode needs to be used as fallback.

6) Missing feedback: in NACK only mode, lack of feedback is treated as an ACK. This could arise when some receiver cannot send feedback or when the corresponding SCI 2 cannot be decoded.
Of the issues listed above, Issues 1 and 2 mostly affected ACK/NACK based scheme, since missing an ACK may cause the transmitting UE to keep looking for that ACK. As the receiver may not retransmit the ACK, it is possible that the transmitter will retransmit the packet to the maximum number of time and cause unnecessary interference to other UEs in the system. Issues 3 and 4 are common to all modes of operations. Issue 5 is specific to groupcast option 2 while Issue 6 is specific to groupcast option 1. The total impact may be negligible for normal reliability requirements, but for high reliability communication these issues will become a bottleneck and need to be addressed.
In a network, centralized power control by the gNB is used to address similar issues. In sidelink, a different approach is needed.
To address Issues 1-4, the main principle is to reduce the number of the cases where a UE needs to transmit explicit ACK feedback. That would reduce the load on feedback channel and allow for the weaker feedback transmissions to be received more reliably. This approach aims to achieve the same goal as power control of feedback transmission.
More specifically, Issue 1 can be further addressed by letting the far UEs transmit feedback often, while the near UEs transmit feedback only when necessary. For Issue 5, introducing some level of feedback resource sharing between UEs in a group would be beneficial. Issue 6 can be addressed by introducing explicit ACK feedback in an SFN manner. It is important to note that this explicit has to be selectively enabled for far away receiving UE only following the first and second principles; otherwise, the mechanism would introduce additional cases of near-far problems to the system.
Below are two examples of modified feedback procedures, one for groupcast option 1 and one for groupcast option 2, that are helpful for reliability enhancement.
· For groupcast option 1:
· A receiver in a group will send an explicit ACK if it can decode the packet and the measured RSRP is below the resource-exclusion RSRP threshold for the corresponding priority of the packet from the resource selection procedure.
· The ACK is sent in SFN manner.
· The RSRP threshold is used to ensure that only far UEs send the new ACK signal.
· For the transmitter:
· When not expecting explicit ACK
· If the UE detects NACK but not ACK, it will report NACK to upper layer (R16 behavior).
· Start expecting ACK for the next packet the first time it receives any ACK.
· When expecting explicit ACK:
· If UE detect NACK but not ACK, it will report NACK to upper layer (R16 behavior).
· If the UE detects both ACK and NACK, it will report NACK to upper layer.
· If the UE detects ACK but not NACK, it will report ACK to upper layer.
· If the UE detects neither ACK nor NACK, it will report NACK to upper layer.
· If the UE does not receive any ACK for at least 2 consecutive packets, stop expecting explicit ACK for the next packet.
· For groupcast option 2:
· Some UEs in the group can share the same feedback resource.
· UEs with the same feedback resource send ACK/NACK in an SFN manner. A receiver in the group will send an explicit ACK if it can decode the packet and the measured RSRP is below the resource-exclusion RSRP threshold for the corresponding priority of the packet from the resource selection procedure.
· Else it only sends ACK when packet is not decoded and not sending anything otherwise.
· The RSRP threshold is used to ensure that only far UEs send the new ACK signal.
· For the transmitter:
· When expecting explicit ACK:
· Follow groupcast option 2 R16 procedure.
· If the UE does not receive any ACK for at least 2 consecutive packets, stop expecting explicit ACK for the next packet.
· When not expecting explicit ACK
· If the UE detects NACK but not ACK, it will report NACK to upper layer (R16 behavior).
· If the UE detects neither ACK nor NACK, it will report ACK to upper layer (R16 behavior for GC option 1).
· Start expecting explicit ACK for the next packet the first time it receives any ACK.
[image: ][image: ]
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[bookmark: _Ref54361945]Figure 20. Dynamic switching of ACK/NACK mode. Upper left: A vulnerable UE comes into communication range, expect explicit ACK. Upper right: vulnerable UE become non-vulnerable, do not expect explicit ACK. Lower left: non-vulnerable UE becomes vulnerable, expect ACK. Lower right: vulnerable UE get out of communication range, not expect ACK.
In the proposed procedures, the explicit ACK is a coordination message from the receiver indicating the presence of vulnerable UEs to the transmission. Upon reception of this indicator, the transmitter will alter its behaviour to improve reliability.
The proposed procedure for groupcast option 1 can viewed as a special case of the proposed procedure for groupcast option 2 when the number of available feedback resources is 1. The modified Rx UE behavior follows the principle of minimizing unnecessary explicit ACK feedback. The modified Tx UE procedure provide a mechanism at physical layer to dynamically adapt to this new Rx UE behavior under different network conditions. For example, when the required communication range is small and UE is in a clear highway condition, all receiving UEs will be close by and they will not send explicit ACK feedback. So, the transmitter UE should not expect to receive any explicit ACK, otherwise it will keep retransmitting until the maximum number of retransmissions. When the UE moves close to a crossroad, or some of its receivers start to be blocked by other vehicles or objects on the road; those receivers will start sending explicit ACK for the first packet that can be successfully decode. The transmitter will start expecting explicit ACK. If the vulnerable receiver cannot decode the packet and cannot send the feedback due to any reason, such lack of explicit ACK will be treated as a NACK. An example of such dynamic switching is depicted in Figure 20. As we are targeting high reliability regime (e.g. packet reception rate of around 99%) the switch between two modes of operation should be within at most two consecutive packets with very high probability. We can further increase the correct switching probability exponentially by increasing the switching delay to more than two consecutive packets.
It is also worth noting the switching mechanism can also be explicitly control from either MAC or application layers. In this case, PHY should provide signalling mechanisms for upper layers. Inter UE coordination can be used to perform this same task. 
[image: ]
[bookmark: _Ref61879113]Figure 21 Gain of improved feedback procedure, Urban
As illustrated in Figure 21, techniques to improve existing feedback procedure have a clear-cut benefit to improving reliability of sidelink communication. As the technique does not require a new physical channel, but rather modifying transmitter and receiver behaviors, impact to RAN1 and RAN2 specification is also expected to be limited. Given the clear advantage in cost/benefit, this type of techniques should be support in R17 to improve reliability.
[bookmark: _Toc62723592]Proposal 8: Study mechanisms to prioritize and introduce explicit ACK transmission for vulnerable receivers with weak link to transmitter.
[bookmark: _Toc62723593]Proposal 9: Study mechanisms to limit explicit ACK transmission 
[bookmark: _Toc62723594]Proposal 10: Study mechanisms to switch between expecting explicit ACK and not expecting explicit ACK mode of operation at a transmitter UE.
Conclusion
Observation 1: Collisions occur due to many factors, e.g., hidden-node, undecodable control information, half-duplex, resource selection timeline constrains and randomly selecting the same resource for an initial transmission.
Observation 2: UE processing timeline can be a major source of reservation conflict in high reliability regime.
Observation 3: Shorter processing timeline can help addressing processing timeline delay induced reservation conflicts.
Observation 4: A resource conflict may be any one of the following: a past collision, a possible future collision or half-duplex conflict.
Observation 5: A UE can detect and indicate colliding transmissions before they occur from reservation information in SCI-1.
Observation 6: A UE can detect and indicate colliding transmissions after they occur based on receiving PSCCH.
Observation 7: A UE can detect that two UEs suffered from a half duplex conflict after the transmissions occur based on receiving PSCCH.
Observation 8: When a UE receives pre-collision indication, it can change its reservation and avoid the collision.
Observation 9: Pre-collision notification can help address reservation conflicts induced by processing timeline delay.
Observation 10: When a UE receives post-collision or half duplex indication, it can retransmit the conflicting transmission and recover from the collision or conflict.
Observation 11: Conflict indication should have low latency to maximize effectiveness.
Observation 12: Conflict indication can also prevent persistent packet losses.
Observation 13: Inter-UE coordination can be used to avoid and recover from collisions or half duplex.
Observation 14: Conflict indicators are applicable to all cast types and to transmissions with and without feedback.
Observation 15: Some sensing information can be missing at a UE due to many factors, e.g. half-duplex, hidden node, undecodable control information.
Observation 16: UEs can use shared sensing information to use in resource selection, improving reliability.
Observation 17: Shared sensing information should have low latency to maximize effectiveness.
Observation 18: A UE can share preferred resources for other UEs to select resource, e.g. for unicast transmissions, based on expected reception, transmission, or channel conditions.
Observation 19: A UE can share undesirable resources for other UEs to avoid when scheduling transmissions, based on expected reception, transmission, or channel conditions.
Observation 20: When sharing preference resources is employed, UE need to still account for transmitter side sensing information coming from at least other groupcast/broadcast transmitters.
Observation 21: Introducing post collision indication and half duplex indication improves communication range by 22% for periodic traffic.
Observation 22: Introducing post collision indication and half duplex indication improves communication range by 33% for aperiodic traffic.
Observation 23: Forwarding of sensing and resource information, without a low latency transmissions mechanism, does not improve system performance.
Observation 24: Forwarding of sensing and resource information can provide cumulative performance gain with post collision indication and half duplex indication when the former has sufficiently low latency.
Observation 25: Inter-UE coordination information should have low latency to be effective
Observation 26: Selecting from the earliest available candidates within the selection window for the initial transmission significantly reduces packet reception delay without impacting performance.
Observation 27: A UE could miss or misinterpret feedback due to, inter-UE prioritization, half-duplex, PSFCH detection error and other causes.
Observation 28: Allowing the transmitter to perform multiple retransmissions for the same TB regardless of feedback for the initial transmission improves reliability.
Observation 29: 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 30: 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.
31: The NLOS hidden node issue significantly impacts performance in urban scenarios.
32: The NLOS hidden node issue can only be addressed by inter UE coordination.

Proposal 1: Support pre-collision, post-collision, and half duplex indication to enhance Mode 2 reliability.
Proposal 2: Study sharing of sensing information to enhance Mode 2 reliability.
Proposal 3: Study sharing of resource information to enhance Mode 2 reliability.
Proposal 4: Further study solutions to convey resource information with tight delay requirement, considering related cost factor such as extra half duplex and collision in the system.
Proposal 5: Use dedicated resources for inter-UE coordination signalling to reduce latency and improve reliability.
Proposal 6: Study selecting from among the earliest available resources in the selection window, or having a separate selection window, for the initial transmission to enhance Mode 2 latency.
Proposal 7: Study methods to ensure a minimum number of retransmissions per high-priority TB to enhance Mode 2 reliability
Proposal 8: Study mechanisms to prioritize and introduce explicit ACK transmission for vulnerable receivers with weak link to transmitter.
Proposal 9: Study mechanisms to limit explicit ACK transmission
Proposal 10: Study mechanisms to switch between expecting explicit ACK and not expecting explicit ACK mode of operation at a transmitter UE.
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Appendix A: Simulation Assumption
Table 1: Urban, Aperiodic 
	Sidelink Frequency 
	6GHz 

	Traffic models 
	Aperiodic traffic: Medium Intensity 
Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms 
Packet size: Uniformly distributed between [200, 400, 600, 800, 1000, 1200, 1400, 1600, 1800, 2000] bytes 
Latency requirement: 50 ms 


	Simulation Environment 
	Urban 

	UE Drop and Mobility 
	Urban:  


	Number of Tx/Rx Antenna elements 
	1Tx/2Rx 

	Antenna Models 
	Option 1 

	SL Simulation BW 
	40MHz 

	SCS
	30 kHz

	Pathloss, shadowing, blocking and dual mobility models 
	Enabled (as per TR 37.885) 

	Number of Transmissions
	1 Initial Transmission + up to 3 HARQ retransmissions

	T_3 (timeline)
	2000 us

	Initial RSRP Threshold
	-78 dBm

	Communication mode
	Group cast option 1

	Required Communication Range
	60 meters



Table 2: Urban, Periodic
	Sidelink Frequency 
	6GHz 

	Traffic models 
	Periodic traffic: Medium Intensity 
Inter-packet arrival time: 50 ms, 50% active UE
Packet size: 4 packets 800bytes + 1 packet 1200bytes 
Latency requirement: 50 ms 


	Simulation Environment 
	Urban

	UE Drop and Mobility 
	Urban


	Number of Tx/Rx Antenna elements 
	1Tx/2Rx 

	Antenna Models 
	Option 1 

	SL Simulation BW 
	40MHz 

	SCS
	30 kHz

	Pathloss, shadowing, blocking and dual mobility models 
	Enabled (as per TR 37.885) 

	Number of Transmissions
	1 Initial Transmission + up to 3 HARQ retransmissions

	T_3 (timeline)
	2000 us

	Initial RSRP Threshold
	-78 dBm

	Communication mode
	Group cast option 1

	Required Communication Range
	Urban: 70 meters



[bookmark: _Ref47681557]Appendix B: 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 22.
[image: ]
[bookmark: _Ref47623804]Figure 22. 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 23, 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 23. 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 24. 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. 
[image: ][image: ]
[bookmark: _Ref47623945]Figure 24. 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: _Toc62723583]Observation 31: The NLOS hidden node issue significantly impacts performance in urban scenarios.
[bookmark: _Toc62723584]Observation 32: The NLOS hidden node issue can only be addressed by inter UE coordination.
[bookmark: _Ref61617989]Appendix C: Example for Resource Collision
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 0, half duplex constraints, or processing timeline limitations.
Figure 25-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 25-b and Figure 25-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.
[image: ]
[bookmark: _Ref61617858]Figure 25 (a) Hidden node, (b) half duplex, (c) processing time
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