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[bookmark: _Hlk47602131]Introduction
RAN1 has been studying resource allocation for reliability and latency enhancements. Different categories were identified in RAN1 103-e 
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 RAN1 104bis-e [3], it was agreed to support all three categories of inter-UE coordination schemes with reorganizing into two general schemes with sub-schemes. Additional agreements were made to further study which UEs become UE-As and UE-Bs and to list option for UE-B’s behavior when it receives a coordination message.

Agreement:
· Support the following schemes of inter-UE coordination in Mode 2:
· Inter-UE Coordination Scheme 1: 
· The coordination information sent from UE-A to UE-B is the set of resources preferred and/or non-preferred for UE-B’s transmission
· FFS details including a possibility of down-selection between the preferred resource set and the non-preferred resource set, whether or not to include any additional information other than indicating time/frequency of the resources within the set in the coordination information
· FFS condition(s) in which Scheme 1 is used
· Inter-UE Coordination Scheme 2: 
· The coordination information sent from UE-A to UE-B is the presence of expected/potential and/or detected resource conflict on the resources indicated by UE-B’s SCI
· FFS details including a possibility of down-selection between the expected/potential conflict and the detected resource conflict
· FFS condition(s) in which Scheme 2 is used

Agreements:
1. Study further to determine the conditions for UEs to be UE-A(s)/UE-B(s) for inter-UE coordination:
· Details include applicable scenario(s)/inter-UE coordination scheme(s)
· E.g., only UE(s) among the intended receiver(s) of UE-B can be a UE-A, any UE can be a UE-A, high-layer configured, etc.
· Including the possibility of being subject to certain conditions and/or capability

Agreement:
· When UE-B receives the inter-UE coordination information from UE-A, consider at least one of the following options (with details FFS including possibly down-selecting/merging one or more of the options below, applicable scenario(s)/condition(s) for each option, UE behavior) for UE-B’s to take it into account in the resource (re)-selection for its own transmission
· For scheme 1:
· Option 1-1: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based on both UE-B’s sensing result (if available) and the received coordination information
· Option 1-2: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based only on the received coordination information
· Option 1-3: UE-B’s resource(s) to be re-selected based on the received coordination information
· 
Option 1-4: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based on the received coordination information
· For scheme 2:
· Option 2-1: UE-B can determine resource(s) to be re-selected based on the received coordination information
· Option 2-2: UE-B can determine a necessity of retransmission based on the received coordination information


We start this contribution by proposing a general framework for the inter-UE coordination schemes. We then present proposals on the details of the agreed inter-UE coordination schemes using distributed setup. The variants of Scheme 1 are in Section 2 and those of Scheme 2 are in Section 3.2. Finally, we present evaluation results in Section 5.
[bookmark: _Ref61622567][bookmark: _Ref71573352]Inter-UE Coordination Mechanism
As discussed in our earlier contributions [4][5], low latency is required to maximize the efficacy of inter-UE coordination information. A general signaling framework for inter-UE coordination schemes that relies on a triggers and associated responses is presented in this section.
Inter-UE coordination signaling can be triggered at a UE based on the locally available information or an event. To ensure that the inter-UE coordination information is not stale when received at other UEs, the transmission of the inter-UE coordination message should not be subject to resource reservation process and/or collision to the extent possible. One way to achieve these objectives is to use dedicated resources.
Figure 1 illustrates an example where UE-A is providing inter-UE coordination signaling based on a triggering event instead of an explicit request. The trigger could be a conflict, resource (re)selection, or a time instance for periodic transmissions of coordination information. Association between the trigger and the inter-UE coordination information would be implicit.


[bookmark: _Ref71577956]Figure 1: An example of inter-UE coordination signaling procedure triggered based on a locally available event.
Using dedicated resources, be they PSCCH+PSSCH resources or PSFCH resources, is common and beneficial to all the proposed schemes in this contribution. Additional details are provided within the description of each scheme.
[bookmark: _Toc80041057]Proposal 1: Use dedicated resources for inter-UE coordination signaling to reduce latency and improve reliability. 
The proposed schemes in this contribution are distributed, meaning any UE can become a UE-A subject to certain conditions. For example, when sharing preferred resources for a unicast transmission, the unicast peer receiving the transmission becomes the UE-A and the other UE becomes the UE-B for this link. For non-preferred resources and resource conflicts, there is no predefined relation between UE-As and UE-Bs: any UE becomes a UE-A when conditions for transmitting an inter-UE coordination messages are met and any UE receiving this message is a UE-B.
[bookmark: _Toc80041058]Proposal 2: For each unicast connection and when using Scheme 1 with preferred resources, one of the peer UEs becomes UE-A for this connection.
[bookmark: _Toc80041059]Proposal 3: In all cast types, for Scheme 1 with non-preferred resources and for Scheme 2, any UE can become a UE-A when conditions to transmit inter-UE coordination information are met at that UE.
Sharing of Resource Information (Scheme 1)
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. Shared sensing information needs to have low latency to be effective.
In addition to 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. 
We note that sharing of preferred resources might not be beneficial to broadcast or groupcast transmissions. The UEs are distributed and the observations on preferred resources from one UE might not be applicable at another receiver. For example, a preferred resource of one UE could cause a half-duplex conflict at another.
[bookmark: _Toc80095021]Observation 1: Sharing of preferred resources might not be as beneficial to broadcast or groupcast communications as other coordination schemes and information.
Furthermore, when sharing preferred resources is employed, an open question is whether transmitter UE still need to use its own sensing result. Utilizing some sensing information at the transmitter side could be beneficial to avoid excessive cross-link interference. This is an important issue in mixed unicast/groupcast scenarios where transmitting on resources favorable to a unicast link may cause significant crosslink interference to another groupcast transmission. Same thing can be applied to mixed unicast/broadcast scenario. 
[image: ]
Figure 2: Resource Information Forwarding Timeline
An important aspect for sharing resource information in general is the associated delay. 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 follows:
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 needs 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. multiplexing with existing data). It is also worthwhile to note that this is not a systematic delay. Some UE may experience long channel access delay, but some other UEs may not depend on the local resource availability. For this reason, we denote this term as . Optimizing this channel access 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 if the reservation is conveyed in SCI-2 or SCI-1. If the information is included in MAC CE,  is expected to be at least 3 milliseconds. If the information is included in RRC message, is expected to be at least 5 milliseconds.
The extra delay introduced by resource reservation forwarding mechanism could be significant, considering that UE can only reserve up to 32 slots in the future for a retransmission of the same packet. 
The two proposed designs, for indicating preferred and non-preferred resources, address the delay using low latency signaling as will be described in this section.
Sharing of Preferred Resources
In this section, we focus on inter-UE coordination signaling under scheme 1 and with preferred resources indicated to a SL UE. In particular, we assume that the SL UE itself does not perform sensing; instead, the set of resources for transmission are received from another UE. We compare the performance of three different schemes: (1) Mode 2 RA based on NR Rel. 16, (2) Rx-only sensing, and (3) enhanced Rx-only sensing. Considering systems using primarily unicast communication, we draw the following conclusions: 
· By only performing sensing at the Rx UE, i.e., under (2), performance gains as compared to Rel. 16 approach can be realized. This has the added benefit of reducing power consumption of the UE not performing sensing.
· With the additional enhancements introduced under (3), significant gains as compared to the baseline and to Rx-only sensing, (1) and (2) in the above, can be achieved. 
1.1.1    Rx-Only Sensing 
Consider the case that a UE B and a UE A have established a unicast link; UE A identifies the set of potential resources for transmission on behalf of UE B, i.e., UE B itself is not performing sensing. Once the set is determined, it is indicated to a UE B via inter-UE coordination signaling. To transmit the inter-UE coordination message, one of the two approaches can be considered: (1) UE A transmits the message via Mode 2 RA with sensing and resource selection/reservation, or (2) in a given resource pool, a set of resources is set aside for the purpose of inter-UE coordination. 
In order to reduce the signaling latency, we consider the latter approach as illustrated in below. Each colored box is one subchannel and used to transmit inter-UE coordination message. 


[bookmark: _Ref71631710]Figure 3: Dedicated resources for inter-UE coordination signaling.
Once the set of available resources are indicated to UE B, the UE B performs resource selection from the set of resources, i.e., chooses one, a subset or all of them for its (re-)transmission. In addition, as the inter-UE coordination may be transmitted by UE A periodically, a resource that has been indicated as available before may be indicated as unavailable later when UE A collects updated sensing information. Based on the updated information from UE A, the UE B could perform re-evaluation and pre-emption. 
[bookmark: _Toc80095022]Observation 2: Under scheme 1 with Rx-only sensing, only the receiver UE performs sensing. The candidate set of resources is indicated to the SL Tx UE via inter-UE coordination signaling. The SL Tx UE then chooses the resources from the indicated set for its transmission. 
[bookmark: _Toc80095023]Observation 3: To reduce latency, a set of resources is dedicated for inter-UE coordination and available in a resource pool periodically. The message for a given UE is sent by considering its UE ID and the number of resources available in an inter-UE coordination occasion.
[bookmark: _Toc80095024]Observation 4: Upon reception of an updated inter-UE coordination, the SL Tx UE should perform re-evaluation or pre-emption checks, i.e., an updated inter-UE coordination message may override the earlier ones due to acquisition of updated sensing information at the Rx UE. 
1.1.2    Enhanced Rx-Only Sensing 
Similar to the Rx-only sensing scheme, under the enhanced Rx-only sensing approach, only the receiver in the unicast connection, i.e., a UE A, performs sensing; it then indicates a set of resources to the SL Tx UE, i.e., UE B. However, there are multiple enhancements considered to improve performance as follows: 
· Staggered inter-UE coordination resources
· Reservation of initial transmission 
· Using received coordination information in preferred resource determination.
· Time mask and postponing for resource selection  
· Signal-to-interference (SIR)-based resource selection 
In the remainder of this section, we provide details about each of the proposed enhancements. 
Resource Staggering: Instead of dedicating the subchannels in a set of slots for inter-UE coordination as shown in  Figure 3, the resources should be staggered over time. In particular, one or a subset of subchannels per slot are available for inter-UE coordination. One example is illustrated in Figure 4 below. The benefit of staggering reporting resources is that different UE A’s can receive coordination messages from each other as will be explained later in this section. 


[bookmark: _Ref71631719]Figure 4: Dedicated and staggered resources for inter-UE coordination signalling.
Reservation of initial transmission: Under Rel. 16 mode 2 resource allocation scheme, collision across initial transmissions of different UEs cannot be avoided. With Rx-only sensing approach, when a UE A selects resources for a UE B, it can indicate the resource for initial transmission. Other UEs that are performing sensing should then try not to reuse the same resource for their transmission. In other words, the resource for the initial transmission of a packet is considered as scheduled by a UE A. Other indicated resources, however, are not considered as reserved and can be used for transmission of other UEs if determined as available. It should be noted that reservation of all other resources besides the one for initial transmission can potentially degrade system performance by reducing resource utilization; the resources for re-transmission will not be used once the packet is successfully decoded. Hence, reserving those resources is wasteful. 
Using received coordination information in preferred resource determination: With resource staggering, different UEs generating coordination message can receive each other’s messages and derive additional information when preparing the inter-UE coordination message for their peer UE. As an example, when an inter-UE coordination message is sent by a UE A, it can be decoded by a UE A’ which is preparing a coordination message for its peer UE. The UE A’ then considers the resource tagged as for the initial transmission as reserved and try to not reuse it. This approach reduces the chance of collision across initial transmissions from different UEs. 
Postponing and time mask for resource selection: Consider again the unicast pair of UE A and UE B. Let us assume that the UE A periodically transmits coordination messages to the UE B. When the resource selection is triggered at UE B, it can either reuse the information received in the past reporting occasion or wait for the next reporting occasion ` 2to acquire up-to-date information. We observed that in cases where the periodicity of reporting is relatively smaller than the packet PDB, it is beneficial to postpone the resource selection until the immediately next available reporting occasion. Further, the resources for UE B’s transmission can either be chosen randomly or they can be selected such that they are distributed across as many coordination signaling periods as possible. Selecting resources for transmission based on the latter approach enables receiving more up-to-date coordination information, thereby leading to a larger likelihood of packet reception. 
SIR-based resource selection: Consider the example shown in Figure 11 with two pairs of UE; (UE1,UE2) and (UE3,UE4) have established unicast communication links. UE1 is performing sensing on behalf of UE2 and then indicates the resources to UE2 via inter-UE coordination signaling. 


Figure 5: An example illustrating SIR-based resource selection.
Let us also consider that a UE3 has reserved resource  for transmission to UE4. Under Rel. 16 mode 2 resource selection, if  where  and  are, respectively, the priority of the packets from UE3 to UE4 and from UE2 to UE1, the UE1 identifies resource  as unavailable. However, since UE1 is the receiver and is selecting resources for its peer transmitter, it can infer whether the transmission from UE2 on the same resource would be decodable or not. In particular, UE1 can measure the SIR on resource  as  and compared it with a given threshold. If the measured SIR is larger than the threshold, then resource  can be reused by UE1. This approach increases the resource utilization. 
Based on the proposed schemes in this section, we make the following observations: 
[bookmark: _Toc80095025]Observation 5: Staggering the coordination resources across different slots allows the UEs to receive the coordination messages from each other and use them to generate their own message. 
Observation 6: Reserving a resource for the initial transmission of a TB and using received coordination messages in preferred resource determination help in reducing collisions across the initial transmissions from different UEs. 
Observation 7: By postponing resource selection until the first available inter-UE coordination occasion and distributing the selected resources across multiple inter-UE coordination periods, resource selection can be enhanced by accessing up-to-date coordination information.
Observation 8: When a UE A selects resources for the transmission of the peer UE B, resource utilization can be improved if resource selection is based on the SIR measured on each resource as a function of the RSRP to the intended Tx UE and the RSRP of an interferer.  
[bookmark: _Ref68613271][bookmark: _Ref71573374]Sharing of Non-preferred Resources
In our earlier contribution [4], we discussed the performance of a Type-B inter-UE coordination scheme where we noted that performance was limited by the latency of that scheme, even under ideal assumptions on transmission and reception of the coordination message. In this section, we present the details of a realistic implementation of the non-preferred resource indication portion of Type B in inter-UE coordination. Performance results are presented in Section 5.
The proposed scheme consists of three main components:
1. Dedicated coordination resources.
2. Initial transmission reservation.
3. Received reservation forwarding.
The delay associated with disseminating coordination messages plays an important role in limiting the usefulness of inter UE coordination. One way to alleviate this is to (pre-)configure dedicated resource to this type of messages in a resource pool. Another benefit of dedicated resources is that the coordination message is guaranteed to not collide with data transmissions.
[bookmark: _Toc80095026]Observation 6: Using dedicated resources lowers the latency of transmitting non-preferred resource information.
When a UE has a packet to transmit and has already pre-selected resources, it can mark the first selected resource as a non-preferred resource for reception using an inter-UE coordination message transmitted in the earliest available dedicated coordination resource. This way, other UEs can avoid colliding with the initial transmission. The non-preferred resource information is available at other UEs well ahead of time, potentially beyond the Release-16 reservation time-gap limit of 32 slots for aperiodic transmissions, allowing more time for those UEs to process and to forward this reservation information.
[bookmark: _Toc80095027]Observation 7: Indicating reservations for a UE’s own initial transmissions as non-preferred resources using inter-UE coordination provides other UEs with more time to avoid this resource and to forward the information.
Aside from initial transmission reservation, a UE could also convey non-preferred resource information for transmissions from other UEs. From the point of view of the UE generating the coordination information, the most important transmissions from other UEs to protect are those for which it is an intended recipient. This information however is less important than the UE’s own initial transmission and pre-collision indication. To limit the number of inter-UE coordination messages in the system, information about other UEs’ reservations is only transmitted when the UE is also transmitting coordination information about its own initial transmission or pre-collision indication.
The UE generating coordination information can also forward reservations from other UEs that is close to it (e.g. measured RSRP larger than a threshold) but may not necessarily be its intended transmitter. This information can be of the lower priority.
[bookmark: _Toc80095028]Observation 8: It is beneficial for the UE to include transmissions it intends to receive as non-preferred resources in a coordination message.
[bookmark: _Toc80095029]Observation 9: It is beneficial for the UE to include reservations of other UEs based on distance or measured RSRP of these reservations as non-preferred resources in a coordination message.
A set of non-preferred resources is not the complement of the set of preferred resources and is insufficient to generate a candidate resource set for selection. Therefore, a UE-B need to rely on both the received non-preferred resource information and on its own sensing results for resource selection.
[bookmark: _Toc80041060]Proposal 4: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based on both UE-B’s sensing result (if available) and the received coordination information, when the latter indicates non-preferred resources.
Another point for consideration is how UE-B will use the signalled set of resources in its own resource selection procedure. For the non-preferred case, the question is whether UE B simply excludes the set of non-preferred resources, or it can assign an RSRP value to use in normal Step 1 procedure to form a set of candidate resource. If it is the former case, another point of consideration is whether the exclusion is done in Step 1 itself, or it should be done in Step 2 in MAC layer. Those details can be further discussed in RAN1 after the main principles of Scheme 1 are confirmed.
1.1.3 Initial Transmission Reservation as a Non-preferred Resources
We discuss in this section the importance of protecting initial transmissions by means of inter-UE coordination. This is a mechanism employed in both the preferred-resource and non-preferred resource variants of Scheme 1 presented in this work. The discussion in this section is presented in the context of sharing non-preferred resources but is also applicable to preferred resource sharing where one UE-B would treat the indicated resource as preferred while other UE-As and UE-Bs treat that resource as non-preferred.
In the Release-16 resource reservation framework, initial transmissions are the ones that are most vulnerable to interference, mainly because they are transmitted un-reserved. A collision in the initial transmission will trigger a retransmission, increasing the overall system load, which further degrades system performance. To better visualize this point, we consider an example of 3 scenarios:
1. Release-16 Resource reservation: the initial transmission is not protected. Retransmission(s) are vulnerable to collision due to hidden node, reservation decode failure.
2. Genie, instantaneous Reservation forwarding: Each UE instantaneously forwards received resource reservation information to other UEs in the system. The forwarding does not use any resources and is received perfectly by everyone. Initial transmissions are still not protected.
3. Initial Transmission Reservation as a Non-preferred Resource: as described in Section 3.2. The initial transmission is protected by an inter-UE coordination message sent on one subchannel. The one subchannel is also used to further forward other received reservations. 
The PRR of these 3 scenarios is plotted on the left-hand side of [image: ][image: ]Figure 6. On the right-hand side, we present the histogram of number (re)transmission(s).  
[bookmark: _Ref72693543][image: ][image: ]Figure 6: Performance of reserving initial transmission and sharing of initial transmission reservation as preferred/not preferred resource
It is important to note that the gain in Scenario 2 represents the fundamental limit when only retransmissions are protected. In Scenario 3, not only this fundamental limit is realistically achieved, but additional benefits are gained by combining with initial transmission reservation.
This can be seen from the histogram of number (re)transmission(s). At this range, the required link budget can be achieved with two good transmissions in the worst case where the receiver is blocked by another vehicle. In Scenario 2, fewer packets require all four retransmissions (compared to Scenario 1) thanks to better retransmission protection. Considering the first transmission is the most interference prone, each packet typically requires three transmissions here, including the first transmission and two retransmissions to meet the link budget. In Scenario 3, we can see an even more significant shift toward the first and second (re)transmissions. Now the first transmission is not vulnerable to interference anymore, we can achieve the link budget with just the first and the second transmissions. 
The mechanism to reserve the initial transmission and forward other UE reservations can be illustrated by the following example in Figure 7
1. At time T0, UE1 and UE3 transmit inter-UE coordination messages to reserve their own initial transmissions
· UE-1 acts as UE-A and UE-2, UE-4, UE-5, … act as UE-Bs. The reserved resource is a resource selected for transmission by UE-1 and a not-preferred resource for transmission by UE-2, UE-5 …
· UE-3 acts as UE-A and UE-2, UE-4, UE-5, … acts as UE-Bs. The reserved resource is a resource selected for transmission by UE-3 and a not-preferred resource for transmission by UE-2, UE-5 … 
· UE-1 and UE-3 transmit coordination message at the same time. As a result of collision UE-5 cannot receive any of the messages. However, UE-2 is closer to UE-1 and can receive the message from UE-1 (but not from UE-3). Likewise, UE-4 is closer to UE-3 and can receive the message from UE-3 (but not from UE-1).
2. At time T1 > T0, UE-4 transmits its coordination message to reserve its own initial transmission
· UE-4 sees an outstanding initial transmission reservation from a nearby UE-3 (e.g. by mean of RSRP measurement).
· UE-4 includes both its own initial reservation and UE-3 initial reservation in its coordination message.
· There is no interference at UE-5, UE-5 can receive coordination message from UE-4. As a result, it is aware of both UE-3 and UE-4 reservations.
· As described above, UE-4 does not see UE-1’s reservation. Even if it does, it will not forward UE-1’s reservation because UE-1 is too far away.
3. At time T2 > T1, UE-2 transmits its coordination message to reserve its own initial transmission
· UE-2 sees an outstanding initial transmission reservation from a close by UE-1 (e.g. by mean of RSRP measurement).
· UE-2 includes both its own initial reservation and UE-1 initial reservation in its coordination message.
· There is no interference at UE-5, UE-5 can receive coordination message from UE-2. As a result, it is aware of both UE-1 and UE-2 reservations.
· As described above, UE-2 does not see UE-3’s reservation. Even if it does, it will not forward UE-3’s reservation because UE-3 is far away.
4. At time T3 > T2, UE-5 start selecting resources. It is aware of UE-1, UE-2, UE-3, UE-4 reservations and can avoid collisions with those UEs. Then at T4 > T3, UE-5 sends its own coordination message to reserve its initial transmission. It sees that all UE-1, UE-2, UE-3, UE-4 are far away, so it does not include any of these UEs’ reservations in its coordination message.
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(b) Time = T1
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(c) Time = T2
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(d) Time = T3
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[bookmark: _Ref72312568][bookmark: _Ref72312563]Figure 7: Example of reserving initial transmission and sharing of initial transmission reservation as preferred/not preferred resource.


Figure 7: Example of reserving initial transmission and sharing of initial transmission reservation as preferred/not preferred resource.Figure 8 is the timeline of the resource grid as viewed from UE-5’s perspective in the above example. At time T0, UE-5 receives two colliding coordination messages from UE-1 and UE-3. As it cannot decode either of the messages, the reserved resources (green and blue resource blocks) are not marked as reserved. At T1, UE-5 receives a coordination message from UE-4, which also forwards UE-3’s reservation. So, the first black block and the green block are marked as reserved. At T2, UE-5 receives a coordination message from UE-2, which also forwards UE-1’s reservation. So, the second black block and the blue block are also marked as reserved. At T3 and T4, UE-5 makes its own reservation, which can avoid collision with all black, blue, and green blocks thanks to inter-UE coordination.
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(c) Time = T2
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(d) Time = T2
[bookmark: _Ref72693992]Figure 8: Time-Frequency illustration of example of reserving initial transmission and sharing of initial transmission reservation as preferred/not preferred resource. Resource grid from UE-5 point of view.
The above principles are fundamental to the resource reservation mechanism in general, regardless of cast type and how the UE gets the resources to transmit (e.g., based on its own sensing or based on other UEs’ sensing). Whenever a UE transmits, it acts as potential interference to other communication links. Therefore, it is important that the UE announces its intention to transmit early so that it can be detected by either the transmitter or the receiver of the other links. As we will see in our further evaluation result in Section 5, the inter-UE coordination schemes that incorporate reservation for initial transmission provide significant gains over Release-16 resource selection and reservation mechanism for both the case of preferred (e.g., receiver senses and select resources) and non-preferred resources (e.g., transmitter senses and selects resource(s)).
To provide further inside into how the reservation/forwarding/detecting conflict mechanism works in Scheme 1 + Scheme 2, we provide further breakdown of performance in Figure 9. We first observe that the gain from detected conflict indication is quite limited on its own. As each reported conflict makes the UE A to reselect resource, this introduces disruption in the reservation chain. Due to this disruption, the newly selected resource by UE A may still collide with a new interferer, just because we are increasing the total amount of un-reserved transmission in the system. The most effective way to rectify this problem is to apply expected conflict indication on top of Scheme 1, which already designed to minimized un-reserved transmission. Under Scheme 1, all transmissions are reserved; however, that does not mean that all reservations are effective. This is shown by the performance gap between realistic scheme 1 and idealistic scheme 1 where all IUE messages are realistically sent but idealistically received. The loss comes from 3 reasons:
1. IUE messages is not decoded: initial reservation may not be seen by interferers.
2. Reservation not forwarded in time: even if initial reservation is not originally seen by interferers, it may still eventually be seen by interferers via reservation forwarding operation. However, if the information arrives too late, after the interferer has already selected and reserved resources, a conflict may still happen. This is especially the case when we factor in the delay incur by upper layer signalling mechanism (e.g. 3ms of MAC CE processing delay)
3. Almost concurrent reservation: as in R16, if a reservation information arrives after m-T3, it cannot be considered in re-evaluation/pre-emption operation. This means that if 2 UEs making 2 reservations within T3, there is always a chance for conflict reservations, regardless of if the messages carrying reservation information are received by these 2 UEs or not.
Interestingly, the amount of conflict reservation is kept low enough in scheme 1 that after applying scheme 2 detected conflict indicator on top of it, all performance loss is recovered.
[image: Chart, line chart

Description automatically generated]
[bookmark: _Ref80029196]Figure 9: Break down performance of Scheme 1 + Scheme 2 (expected conflict indication) performance
[bookmark: _Toc80095030]Observation 10: Without proposed scheme 1, the amount of conflicts at initial reservation is too many that expected conflict indication cannot show much benefit.
[bookmark: _Toc80095031]Observation 11: With proposed scheme 1, the amount of conflicts at initial reservation is kept low enough that expected conflict indication can bridge the performance gap with the case where every reservation information can be perfectly received.
 Another open question is how the proposed scheme 1 scale with increasing traffic. As each new TB requires an additional transmission to reserve the initial resource may incurred too much half duplex cost. Another concern is that as traffic increase, the congestion level on the resource dedicated to IUE message is so high that the reservation mechanism effectiveness is negatively affected. To understand this issue, we double the amount of traffic in highway scenario and reduce the feedback distance by half. As the amount of dedicated resource is always fixed, this basically double the congestion level in such resources. Also, as feedback distance reduced by half, the number of retransmissions per packet at least does not increase. Hence, if there is any extra half duplex cost, that cost must show up in this scenario. However, as seen in Figure 10, there is no visible half duplex loss. The performance as close range is even slightly better than baseline (R16). We can still see significant gain in term of PRR. 99% PRR range increase by 50% from 64 meters to 96 meters; packet error rate at communication range reducesFigure 10 almost 2 folds from 4% to 2.2%.
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[bookmark: _Ref80031368]Figure 10: Performance of Scheme 1 with non-preferred resource indication under Heavy Traffic
For half duplex cost, it is very important to keep in mind that sending initial reservation message does not always increase total number of transmissions per TB, compared to R16. As explained earlier, the extra transmission is offset by lessen the number of retransmissions, since now we protect actual data transmissions better. 
For congestion issue, it is true that the effective range of reservation information may reduce. But at the same time, when channel is more congested, UEs will increase RSRP threshold for sensing anyway, in effect reducing the range where it looks at relevant reservations from their peer. What we have shown in Figure 10 is that the forwarding reservation operation can always increase the effective range of reservation to the relevant range of reservation needed for sensing.
[bookmark: _Toc80095032]Observation 12: Proposed Scheme 1 is beneficial even in a high load condition.
[bookmark: _Toc80095033]Observation 13: Proposed Scheme 1 does not incur extra half duplex cost since the total number of transmissions per TB is not increased.
[bookmark: _Toc80095034]Observation 14: Sensing mechanism has a required effective reservation range. UEs ignore reservation information beyond this range to find enough free resources. The required effective reservation range is adapted for congestion level by RSRP adaptation mechanism.
[bookmark: _Toc80095035]Observation 15: Proposed Scheme 1 can extend reservation effective range to that required by sensing mechanism.
Half Duplex Avoidance Technique
In previous meetings, some companies proposed techniques to address half duplex problem using inter UE coordination mechanism. The main idea is that UE-A report its own resource selection to UE-B. UE-B can then avoid using the resources in the same slots as the reported resources.
It worth noting that such mechanism is also applicable to R16 reserved resources, what is new here is that it is used in conjunction with reporting selected resources before it can be reserved using R16 reservation mechanism. We compare the performance of this half duplex avoidance techniques under R16 setting and under the proposed Scheme 1, respectively.
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Figure 11: Effectiveness of Half Duplex Avoidance Technique
A key observation here is that most of half duplex lost happens at the initial transmission. For this reason, half duplex avoidance technique barely shows any benefit using reservation information in R16 SCI1 and SCI2. Under proposed Scheme 1, at least the initial reservation is indicated ahead of time, UE-B can take proper action to avoid it. As a result, half duplex problem can be totally addressed.
[bookmark: _Toc80095036]Observation 16: Half Duplex Avoidance can fully address packet loss due to half duplex only when used in conjunction with early resource reservation.
Most of the half duplex lost happen at initial transmission, which is not reserved by R16 reservation mechanism.
Signalling Aspect
One important aspect in Scheme 1 is how to signal the set of resources, whether it is preferred or not preferred. So far, the design components mentioned for consideration in RAN1 are
1. Container for the set of resources: there are three possible, non-exclusive options
a. SCI-1
b. SCI-2: define a new SCI-2 format to convey a set of resources. The main benefit for this option is very fast processing time on the receiver side. The main drawback is the small payload size due to control Polar code payload size limit. 
c. SCH: use the shared channel to convey a set of resources, using MAC-CE or RRC signalling. Apart from the difference in processing delay, the RRC option has the limitation that it only supports sending coordination messages as unicast.
2. Information conveyed in the set of resources: here there are two main options
a. Bitmap based signalling: the main motivation for this option is payload reduction. With this approach, the UE may be able to report a dense set of resource spanning a large time window. The cost that we pay for is having less information.
b. Entry based signalling: in this option, each reservation is signalled in a single entry. The inter UE coordination message includes a collection of multiple entries. The benefit for this option is that associated side information which may benefit resource selection at the other UE can be included with each reservation. To keep the size of coordination message small, it would be very beneficial for the UE to prioritizing forwarding the most important entries. The importance of entries can be based on the time when the reservation is first received, the time of the reserved resource(s), distance and measured RSRP to the reserving UE (discussed in Section 3.2), etc.
It is clear from the discussion above that each option is a trade-off between inter UE coordination resource consumption, delay, and performance benefit. Which trade-off is best for the system can only be determined once the principal procedure is agreed upon. There is also the possibility to use a combination of different options. For example, a small subset of delay sensitive information can be shared using SCI-2, while the bulk of remaining information will go through SCH.
[bookmark: _Toc80041061]Proposal 5: Details on coordination information container and format can be discussed later.
[bookmark: _Toc80095037]Observation 17: Coordination information can be split to different channels depend on information size and required delay.
[bookmark: _Toc80041062]Proposal 6: RAN1 further study the cost and benefit of splitting coordination information into different containers.

On the other hand, there are some other open questions that can be addressed now. One such question is whether inter-UE coordination should be a stand-alone transmission or multiplexed with data. On the first look, multiplexing with data seems very attractive from an overhead reduction point of view. However, this is not always the best choice. Below is our analysis based on three different options for signalling container
· SCI-1: Due to the small SCI-1 payload, this option will most likely not be used on its own but combined with the other two options.  
· SCI-2: when we use this option and multiplex coordination information with data, that data is not receivable by Release-16 UEs. Additionally, we lose the possibility to signal cast type, zone information, transmit and receiver IDs, etc.
· SCH: this is the most viable option when multiplexing coordination information with data. If the SCH containing inter UE-coordination is jointly coded with normal data payload, whether it is MAC CE or RRC; the inter UE-coordination content cannot be changed at retransmission(s) of the same packet. As shown in earlier evaluation, this is the main factor that limits the usefulness of this scheme, as most of the time, the conveyed information is already outdated. If the SCH containing inter UE-coordination is independently coded, it must have its own SCI-1 and SCI-2, otherwise the data payload is not decodable by Release-16 UEs. Given that, coordination message cannot be truly multiplexed with data in PHY sense; the only question to consider is whether it should be transmitted along in a slot; or transmitted with another data transmission in the same slot in an FDM manner. A depiction of both options is shown in Figure 9. In our view, both options can be support if time permit; otherwise, Option 1-do not FDM with data-is clearly simpler to implement in specification.
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[bookmark: _Ref78914280]Figure 12: Different options for transmitting coordination packets. Blue cells are stand alone coordination packets, red cells are normal data transmissions, yellow cells are coordination packets FDMed with data.
[bookmark: _Toc80041063]Proposal 7: Inter-UE coordination information does not share SCI-1/SCI-2 with data in an SCH.
[bookmark: _Toc80041064]Proposal 8: Support at least sending coordination message as a stand-alone transmission without data in the same slot. FFS FDM with data transmission in the same slot.
Another open question that can be addressed now is how a UE can differentiate between a preferred and non-preferred set of resource, assuming both options will be supported. First, we note that the two types of information are fundamentally the same, the only difference is in how the receiving UE interprets the coordinating information. In the case of preferred resource, there is a single UE in the system that should select resources in this set for its transmissions, while all other UEs should not select any resource that overlap with resources in this set. In the other case, all UEs should not pick any resource that overlap with resources in this set. For this reason, it is necessary and sufficient to include a unique identifier of the receiving UE in the coordination message for the preferred set of resources case. UEs interpret the lack of such identifier, or the identifier is not the same as its own identifier as the set of resources being non preferred. The transmitting UE includes its own identifier/a reserved identifier/ or omit the identifier field to transmit a non-preferred set to all other UEs. Further details (how identifiers are selected, down selection of different options) can be further discussed.
[bookmark: _Toc80041065]Proposal 9: Support including a unique UE identifier in the coordination message to indicate a preferred set of resource. FFS other details, e.g. 
· How identifier is chosen
· Down select between options to indicate non preferred resource
· Omit identifier.
· Use its own identifier.
· Use a reserved identifier.
Conflict Indication (Scheme 2)
Resource conflicts could be a resource collision in the past, a resource collision in the future, or a half-duplex conflict. RAN1 agreed to classify future resource collisions as part of Type B inter-UE coordination schemes, further discussed in Section 3.2, and to classify past collisions and half duplex conflicts, called collectively conflicts, as part of Type C inter UE coordination schemes. This section discusses the details of Type C inter-UE coordination.
[bookmark: _Toc80095038]Observation 18: A resource conflict may be any one of the following: a past collision, a possible future collision or a half-duplex conflict.
Post-collision detection relies on a UE receiving the colliding PSCCH. After detecting a collision, which could be between two PSCCHs or a PSCCH and a PSSCH, a UE can send an inter-UE coordination message indicating the collision. This can be achieved by sending NACK feedback.
[bookmark: _Toc80095039]Observation 19: A UE can detect and indicate colliding transmissions after they occur based on receiving PSCCH.
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 13 Half duplex and post-collision indication.
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[bookmark: _Ref47604519]Figure 14: Timeline of post-collision and half duplex indication and UE reaction.


[bookmark: _Toc80095040]Observation 20: A UE can detect that two UEs suffered from a half-duplex conflict after the transmissions occur based on receiving PSCCH.
Half-duplex and post-collision indication and the associated UE action is shown in Figure 10 and a timeline is shown in Figure 11. In addition to addressing half-duplex issues, indicating resources that only overlap in time also helps address the near-far issue which would when two transmissions in the same slot have significant different received power, in which case, the signal with lower received power (from the “far” UE) would have its performance degraded. 
[bookmark: _Toc80041066]Proposal 10: A detected past conflict could be an overlap in both time and frequency or an overlap in only time.
[bookmark: _Toc80095041]Observation 21: When a UE receives post-collision or half duplex indication, it can retransmit the conflicting transmission and recover from the collision or conflict.
[bookmark: _Toc80041067]Proposal 11: UE-B can determine a necessity of retransmission based on the received detected past conflict coordination information.
For post-conflict indication to be effective, low latency is required so that the transmitting and receiving UEs do not flush their buffers.
[bookmark: _Toc80095042]Observation 22: Conflict indication should have low latency to maximize effectiveness.
The UE can also detect expected future conflicts relying on decoding PSCCHs that reserve conflicting resources. The detecting UE can then indicate the future conflict.
[bookmark: _Toc80095043]Observation 23: A UE can detect and indicate colliding transmissions before they occur using reservation information in SCI-1.
[bookmark: _Toc80041068]Proposal 12: An expected future conflict could be an overlap in both time and frequency (collision) or an overlap in only time (half-duplex conflict).
When a UE receives a pre-collision indication that one of its reservations will cause a collision, it can skip transmission on that resource and either continue to 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.
[bookmark: _Toc80095044]Observation 24: When a UE receives pre-collision indication, it can change its reservation and avoid the collision.
Another observation is that resource reservation collision is more likely to happen when two UEs make reservations at almost the same time. In that case, the UE that reserves later does not have sufficient time to change its resource selection (e.g. Release-16 re-evaluation timeline). For that reason, we think it is beneficial to apply a more aggressive threshold to detect pre-collision if the two transmissions making reservation are within T3 timeline for evaluation in R16. Note also that pre-collision can also be applied to resource indicated in coordination message via Scheme 1. In that case, we can add an extra delay for processing coordination message to T3 and apply more aggressive pre-collision indication when the 2 transmissions making reservation are within this duration.
[bookmark: _Toc80095045]Observation 25: A more aggressive pre-collision indication condition can be applied when the 2 involved reservation was made almost at the same time. 
[bookmark: _Toc80041069]Proposal 13: UE-B can determine resource(s) to be re-selected based on the received expected future conflict coordination information.
Figure 12 illustrates the process, action, and timeline of pre-collision indication.
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[bookmark: _Ref68555236]Figure 15: Pre-collision indication process and timeline.
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 post-conflict indication, it can continue with retransmission and recover from persistent collisions.
[bookmark: _Toc80095046]Observation 26: Conflict indication can also help the UE to avoid persistent packet losses.
From the above discussion, it can be seen that conflict indication enables the inter-UE coordination framework to recover from conflicts that occurred. We therefore propose to adopt conflict indication as part of Mode 2 reliability enhancements.
[bookmark: _Toc80095047]Observation 27: Inter-UE coordination can be used to recover from collisions or half duplex.
Collision and conflict indications need to be transmitted with low delay so that the UEs receiving the indication can have sufficient time to react to it by scheduling a retransmission. 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: _Toc80095048]Observation 28: Conflict indicators are applicable to transmissions with and without feedback. 
It should also be noted that collision and conflict indications is not necessarily restricted to groupcast option 1. For other cast types (e.g. unicast/groupcast option 2). In that case, the decision to send indication can be based on comparing source and destination id information included in the involved packets. An important example is the case of groupcast option 2 where UEs has to fall back to NACK only feedback due to insufficient PSFCH resources (e.g. packet size to small or group size too big). In that case, the Layer-2 destination ID may be mapped from group ID. 2 UE transmit at the same time using the same Layer-2 destination ID belong to the same group and should be assisted in order to receive from each other. In case of broadcast, further filtering rule based on priority/RSRP measurement can be used to make sure only the more important collisions are addressed (to save system resources)
[bookmark: _Toc80095049]Observation 29: For unicast, groupcast option 2 and broadcast, collision, post-collision can be detected based on comparing source and destination Id.Resource conflict indications can provide additional gain in reliability when used with resource information sharing as shown in 
[bookmark: _Ref68556862]Section 5.Evaluation Results
The performance of the proposed distributed inter-UE coordination schemes is presented in this section. The results are organized into two parts. The first is for unicast communications in non-V2X scenarios, for example commercial use cases, where Scheme 1 with preferred resources is used. The second part shows the performance of Scheme 1 with non-preferred resources and Scheme 2 for unicast and the two types of groupcast communications in V2X scenarios.
Non-V2X Unicast Scenarios: Scheme 1 with Preferred Resources
In this section, we compare the performance of the following three schemes: (1) Tx-only sensing using Rel. 16 mode 2 resource allocation, (2) Rx-only sensing, and (3) enhanced Rx-only sensing. The evaluation assumptions are summarized in the Appendix B.
First, the following points should be considered: 
· Since the Rx-only scheme is suitable for consumer and public safety use cases where the UEs may establish unicast communication between themselves, the supported distance as a performance metric is less relevant. Instead, the coupling loss that the link between the UEs can maintain should be considered. Hence, we present our results with coupling loss as the performance metric for evaluations. 
· In the evaluations, the processing timelines for generating the coordination message at UE A and for decoding the message at UE B are not considered. 
· In the evaluations, the possible failure in decoding coordination messages is not considered.  
Although the abovementioned assumptions are made, for use cases with reasonably large PDBs, we expect that the main conclusions should hold true even if realistic assumptions are considered. In addition, for the Rx-only sensing method, all subchannels of slots with a periodicity of 16 are set aside for inter-UE coordination (i.e., 10 subchannels in every 16 slots.) For the enhanced scheme, one subchannel per slot is considered. As a result, the overhead of coordination signaling is larger under the enhanced scheme as compared to the baseline Rx-only scheme in our evaluations. The results are shown in Figure 13.
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[bookmark: _Ref71632735]Figure 16: PRR versus coupling loss for Tx-only sensing, Rx-only sensing and enhanced Rx-only sensing with aperiodic traffic, each packet consumes 50 RBs.
As shown in Figure 13, for aperiodic traffic, the Rx-only sensing provides about ~2-2.5dB gain in terms of coupling loss as compared to the Tx-only Release-16 baseline sensing at 99th, 95th and 90th percentile packet reception ratio. Once the proposed enhancements are included, the PRR improvement is ~10dB as compared to the Tx-only sensing.
In order to provide more insight into the performance gains that can be obtained by using the RX-only sensing and the enhancements under different network loading levels and packet sizes, we present two more evaluation results.
By means of these two evaluations, we will be better identifying the strength of the Rx-side sensing schemes for high and low traffic intensities in addition to the case of very high traffic intensity evaluation summarized in Figure 13. In the first evaluation setup, we slightly decreased the packet size from 50 RBs (for which results are depicted in Figure 13) to 40 RBs and increased the association coupling loss threshold to 111 dB. This new setup can still be considered to yield a high intensity traffic. For schemes that are utilizing time masking, two types of masks are defined. Mask1 is a simple mask which only limits the initial transmission of a packet and requires it to be transmitted within 15 slots of the resource selection trigger. Mask2 is more optimized with limitations also on where the re-transmissions can be done in time. Our extensive simulations show that Mask2 is performing only slightly better than Mask1 under different network load levels and Mask1 is good enough for most practical purposes. The scheme Rx-only S+P+O represents the Rx-only scheme with inter-UE coordination message staggering, postponing of resource selection, and overhearing of the coordination messages but without SIR-based selection and time masking of transmissions. In the figures below, Rx-only2 refers to the case where SIR-based resource selection is considered.
According to the PRR curves provided in Figure 14, we first identify that the maximum gain obtained over the baseline Tx-only scheme can be up to 28 dBs when all enhancements are combined and the gain for RX-only scheme without the enhancements is 12 dBs for PRR > 0.99. For PRR > 0.95 requirement, the gains are larger than 20 dBs for Rx-only/Rx-only2 with all enhancements and 12 dBs for the same schemes without enhancements. Another important observation is that the SIR-based resource selection provides an additional gain of 7 dB for PRR>0.99 when no other enhancements are utilized (Rx-only vs Rx-only2 schemes without other enhancements). Therefore, in the case of not utilizing other enhancements, SIR-based resource selection is particularly useful for high reliability requiring applications. When the other enhancements are already included in the schemes, SIR-based selection is less useful. One can also note that the time mask enhancement (Rx-only + M scheme without any other enhancements) with the simple mask denoted as Mask1 provides a considerable gain (almost 3 dB for PRR > 0.99) over the basic Rx-only2 scheme. It provides a gain of 10 dB over the basic Rx-only scheme. For the high traffic intensity case, scheme Rx-only S+P+O performs very close to the scheme that only involves time masking, which is Rx-only + M (mask1), except for the PRR>0.99 requirement. Further gain improvements with respect to the Rel-16 baseline Tx-only scheme are provided in Figure 14 for all investigated schemes.
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[bookmark: _Ref78871237][bookmark: _Ref78846723]Figure 17: PRR versus coupling loss for Tx-only sensing, Rx-only sensing with various subsets of enhancements and without any enhancements for aperiodic traffic. Each packet consumes 40 RBs.

Table 1: Performance gains obtained by using different schemes over the baseline Tx-only scheme for high traffic intensity
	
	RX-only (no enhancements)
	RX-only2 (no enhancements)
	RX-only + M
	RX-only + S+P+O
	RX-only + S+P+O+M
	RX-only2 + S+P+O+M

	Gain in dB for PRR>0.99
	12
	19
	22
	15
	27
	28

	Gain in dB for PRR>0.95
	12
	13
	14.5
	13.5
	20.5
	20.5

	Gain in dB for PRR>0.90
	8.5
	9
	10
	11
	16
	16



In the second setup, we investigate the low intensity traffic where the UEs transmit packets of size 600 Bytes, or equivalently 20 RBs. In Figure 15, we observe the comparison of the same schemes and enhancements as in Figure 14 but with increased coupling loss for association. Lowered coupling loss threshold allows more opportunities for unicast associations even between farther away UEs. According to Figure 15, the gains that can be capitalized by using the proposed Rx-side sensing schemes and enhancements are less than the ones we observed in the high intensity traffic setup. This is expected when the lower network load and the lower opportunities to avoid collisions by making use of the proposed schemes and enhancements are considered. However, the gain for Rx-only2 supported by all the enhancements is still above 25 dBs with respect to the baseline, while the gain of Rx-only scheme with no enhancements is around 17 dBs for PRR > 0.99. The advantage of using the SIR-based resource selection is still clear when no other enhancements are used but it is limited to 1.5 dBs of additional gain on top of Rx-side sensing. For the low traffic intensity case, scheme Rx-only S+P+O performs very close to the scheme that only involves time masking, which is Rx-only + M (mask1), for the whole range of PRR requirements investigated in our evaluations. The complete details of gain improvements observed by utilizing different Rx-side sensing schemes is presented in Figure 15.
So far, we have shown that the proposed enhancements considerably increase the MCL across the unicast links. This benefit can also be looked at from the power saving point of view. In particular, under the proposed enhancements, a UE can considerably reduce its transmission power, while achieving the same MCL and PRR as that provided by Mode 2 RA. 
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[bookmark: _Ref78848366]Figure 18: PRR versus coupling loss for Tx-only sensing, Rx-only sensing with various subsets of enhancements and without any enhancements for aperiodic traffic. Each packet consumes 20 RBs.
Table 2: Performance gains obtained by using different schemes over the baseline Tx-only scheme for low traffic intensity
	
	RX-only (no enhancements)
	RX-only2 (no enhancements)
	RX-only + M
	RX-only + S+P+O
	RX-only + S+P+O+M
	RX-only2 + S+P+O+M

	Gain in dB for PRR>0.99
	17
	18.5
	19.5
	17.5
	25
	25.5

	Gain in dB for PRR>0.95
	10.5
	10.5
	12
	12
	15.5
	16

	Gain in dB for PRR>0.90
	5.5
	5.5
	7
	7
	9
	9



[bookmark: _Toc80095050]Observation 30: For very high and high intensity traffic, Rx-only sensing provides about ~2-2.5 dB and 8.5-12 dB gains, respectively, in terms of coupling loss as compared to the Tx-only sensing at 99th, 95th and 90th percentile packet reception ratio. For lower intensity traffic, it can provide up to 17 dB gains for PRR > 0.99 and 5.5 dB gains for PRR > 0.90.
[bookmark: _Toc80095051]Observation 31: For very high and high intensity traffic, enhanced Rx sensing provides ~10dB and 25-30 dB gains, respectively, as compared to the Tx-only sensing using in Release-16. For lower intensity traffic, gains can be up to 25 dB for PRR > 0.99 and 9 dB for PRR > 0.90.
[bookmark: _Toc80095052]Observation 32: Time masking is effective even when the utilized mask is simple (early transmissions for initial transmission and no rule on re-transmissions) and no other enhancements are utilized.
[bookmark: _Toc80095053]Observation 33: SIR-based resource selection is preferrable for applications with high reliability requirement, PRR > 0.99 and it is particularly effective when the traffic intensity is high.
[bookmark: _Toc80041070]Proposal 14: Support inter-UE coordination under scheme 1 with Rx-only sensing with the following additional enhancements:
· Staggered the dedicated inter-UE coordination resources
· Reservation of initial transmission 
· Using received coordination information in preferred resource determination.
· Time mask and postponing for resource selection  
· SIR-based resource selection 
V2X Scenarios: Scheme 1 with Non-preferred Resources and Scheme 2
We provide in this section evaluation results for combinations of non-preferred resource indication in Scheme 1, detected past conflict indication in Scheme 2, and expected/potential future indication conflict in Scheme 2. The focus is on V2X drop and traffic models.
For all schemes, we model resource overhead, transmission latency, and processing latency. More details on simulation assumptions can be found in Appendix A.
Figure 16 shows the performance of non-preferred resource indication with expected conflict indication, detected conflict indication, and the combination of the three for periodic traffic using SPS reservations. Gains from non-preferred resource indication with expected conflict indication are cumulative to those from detected conflict indication and the combination provides better gain than either scheme on its own. In the urban scenario, where both half-duplex and hidden nodes are significant issues, the combination increases communication range by 60% compared to the Release-16 baseline at a PRR of 99%. In the highway scenario, the performance within the communication range is already good with NR Medium traffic and is largely limited by half-duplex, so the gain in range is 16% at a PRR of 99.5%. 
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[bookmark: _Ref62669236]Figure 19: Performance of non-preferred resource indication with expected conflict indication, detected conflict indication, and the combination of the three with periodic traffic. 
[bookmark: _Toc80095054]Observation 34: Introducing collision indication and half duplex indication for past conflicts improves communication range by 60% at PRR of 99% and by 16% at PRR of 99.5% for periodic traffic in urban and highway scenarios, respectively.
In Figure 17, we show the PRR of the non-preferred resource indication with expected conflict indication and detected conflict indication when traffic is aperiodic. It can be observed that each scheme provides gains in a different range of PRR value. The figure also presents the performance when both are adopted in the system. The results indicate again that these schemes are complementary. The cumulative range gain is 40% compared to Release-16 baseline at a PRR of 99%. This is a consequence of the two schemes addressing different impairments in the system.
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[bookmark: _Ref54363985]Figure 20: Performance of non-preferred resource indication with expected conflict indication, detected conflict indication, and the combination of the three in an urban scenario with aperiodic traffic
[bookmark: _Toc80095055]Observation 35: The combination of Scheme 1 using non-preferred resource indication and past/detected and future/expected conflict indication in Scheme 2 increases communication range by 40% at PRR of 99% for aperiodic traffic in an urban scenario.
Highway scenarios tend to be less impacted than urban scenarios by issues stemming from NLoS communications. This is reflected in Figure 18 where it can be observed that gains from detected conflict indication are largely in the half-duplex limited region and non-preferred resource indication with expected conflict indication improves performance in the remaining regions. The combination provides cumulative gains, with detected conflict indication enabling recovery from half-duplex conflicts. 
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[bookmark: _Ref68596681]Figure 21: Performance of non-preferred resource indication with expected conflict indication, detected conflict indication, and the combination of the three in a highway scenario with aperiodic traffic.
[bookmark: _Toc80095056]Observation 36: Scheme 1 using non-preferred resource indication and Scheme 2 using future/expected conflict indication improve communication range by 60% at PRR of 99% and Scheme 2 using past/detected conflict indication addresses half-duplex issues for aperiodic traffic in highway scenarios.
Next, we present the performance of Scheme 1 using non-preferred resources for unicast and groupcast option 2 transmissions. Figure 19 presents these results for aperiodic traffic, where it can be observed that the range gains are 16% and 18% at PRR of 99% for unicast and groupcast option 2, respectively.
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[bookmark: _Ref71633591]Figure 22 Performance of Scheme 1 using non-preferred resources for groupcast option 2 and unicast transmissions
[bookmark: _Toc80095057]Observation 37: Scheme 1 using non-preferred resource indication improve communication range by 16% and 18% at PRR of 99% for unicast and groupcast option 2 communications.
One benefit of past/detected conflict indication is that it is a procedural change on the UE-A side only and does not require any new signaling design beyond what is in Release-16 and can therefore be understood by a Release-16 receiver. Because conflict indication can be implemented using existing NACK signaling on PSFCH, Release-16 UEs in a resource pool with Release-17 UEs transmitting conflict indication would also see an improvement to their performance. This is a result of the Release-16 receiving NACK and performing retransmission without needing to know whether this NACK was due to a conflict or failure to decode a TB.
Figure 20 shows the performance of Release-16 UEs in a resource pool that also has Release-17 UEs, where the Release-17 UEs perform inter-UE coordination using detected/past conflict indicators as NACK on PSFCH. The proportion of Release-17 UEs is varied from 5% to 20% and 40%. It can be observed that a 10% improvement in communication range at 99% PRR for Release-16 UEs can be achieved even when only 5% of the UEs in the resource pool are Release-17 UEs. This gain for Release-16 UEs increases to 25% when 40% of the UEs in the pool are Release-17 UEs.
[image: ]
[bookmark: _Ref79082163][bookmark: _Ref79082155]Figure 23 Performance of Release-16 UEs in a resource with Release-17 UEs when the latter transmit detected conflict indicators on PSFCH using NACK.
[bookmark: _Toc80095058]Observation 38: The presence of Release-17 UEs indicating conflicts using NACK on PSFCH also improves the performance of Release-16 UEs in the resource pool even with a small proportion of Release-17 UEs in the pool.
[bookmark: _Toc80041071]Proposal 15: Detected/conflict coordination information is transmitted as NACK on PSFCH in response to transmissions with feedback.
In [7], the performance of indicating past half-duplex conflicts was shown for group cast option 1 where it was concluded that such a scheme did not benefit the system. It should be noted that those results used a very large feedback distance of 200m, which is not suitable for urban scenarios even for Release-16 as shown in Appendix C. On the other hand, and as was shown in this section, with a suitable feedback distance, indicating past half-duplex conflicts provides gains over the Release-16 baseline.
[bookmark: _Toc80041072]Proposal 16: Support Scheme 1 with non-preferred resource indication for initial transmission reservation with forwarding of other UEs’ reservation information.
Proposal 17: Support Scheme 2 with indication for time overlap and time-and-frequency overlap between resources for past and future conflicts.
Conclusion
Observation 1: Sharing of preferred resources might not be as beneficial to broadcast or groupcast communications as other coordination schemes and information.
Observation 2: Under scheme 1 with Rx-only sensing, only the receiver UE performs sensing. The candidate set of resources is indicated to the SL Tx UE via inter-UE coordination signaling. The SL Tx UE then chooses the resources from the indicated set for its transmission.
Observation 3: To reduce latency, a set of resources is dedicated for inter-UE coordination and available in a resource pool periodically. The message for a given UE is sent by considering its UE ID and the number of resources available in an inter-UE coordination occasion.
Observation 4: Upon reception of an updated inter-UE coordination, the SL Tx UE should perform re-evaluation or pre-emption checks, i.e., an updated inter-UE coordination message may override the earlier ones due to acquisition of updated sensing information at the Rx UE.
Observation 5: Staggering the coordination resources across different slots allows the UEs to receive the coordination messages from each other and use them to generate their own message.
Observation 6: Using dedicated resources lowers the latency of transmitting non-preferred resource information.
Observation 7: Indicating reservations for a UE’s own initial transmissions as non-preferred resources using inter-UE coordination provides other UEs with more time to avoid this resource and to forward the information.
Observation 8: It is beneficial for the UE to include transmissions it intends to receive as non-preferred resources in a coordination message.
Observation 9: It is beneficial for the UE to include reservations of other UEs based on distance or measured RSRP of these reservations as non-preferred resources in a coordination message.
Observation 10: Without proposed scheme 1, the amount of conflicts at initial reservation is too many that expected conflict indication cannot show much benefit.
Observation 11: With proposed scheme 1, the amount of conflicts at initial reservation is kept low enough that expected conflict indication can bridge the performance gap with the case where every reservation information can be perfectly received.
Observation 12: Proposed Scheme 1 is beneficial even in a high load condition.
Observation 13: Proposed Scheme 1 does not incur extra half duplex cost since the total number of transmissions per TB is not increased.
Observation 14: Sensing mechanism has a required effective reservation range. UEs ignore reservation information beyond this range to find enough free resources. The required effective reservation range is adapted for congestion level by RSRP adaptation mechanism.
Observation 15: Proposed Scheme 1 can extend reservation effective range to that required by sensing mechanism.
Observation 16: Half Duplex Avoidance can fully address packet loss due to half duplex only when used in conjunction with early resource reservation.
Observation 17: Coordination information can be split to different channels depend on information size and required delay.
Observation 18: A resource conflict may be any one of the following: a past collision, a possible future collision or a half-duplex conflict.
Observation 19: A UE can detect and indicate colliding transmissions after they occur based on receiving PSCCH.
Observation 20: A UE can detect that two UEs suffered from a half-duplex conflict after the transmissions occur based on receiving PSCCH.
Observation 21: When a UE receives post-collision or half duplex indication, it can retransmit the conflicting transmission and recover from the collision or conflict.
Observation 22: Conflict indication should have low latency to maximize effectiveness.
Observation 23: A UE can detect and indicate colliding transmissions before they occur using reservation information in SCI-1.
Observation 24: When a UE receives pre-collision indication, it can change its reservation and avoid the collision.
Observation 25: A more aggressive pre-collision indication condition can be applied when the 2 involved reservation was made almost at the same time.
Observation 26: Conflict indication can also help the UE to avoid persistent packet losses.
Observation 27: Inter-UE coordination can be used to recover from collisions or half duplex.
Observation 28: Conflict indicators are applicable to transmissions with and without feedback.
Observation 29: For unicast, groupcast option 2 and broadcast, collision, post-collision can be detected based on comparing source and destination Id.Resource conflict indications can provide additional gain in reliability when used with resource information sharing as shown in
Observation 30: For very high and high intensity traffic, Rx-only sensing provides about ~2-2.5 dB and 8.5-12 dB gains, respectively, in terms of coupling loss as compared to the Tx-only sensing at 99th, 95th and 90th percentile packet reception ratio. For lower intensity traffic, it can provide up to 17 dB gains for PRR > 0.99 and 5.5 dB gains for PRR > 0.90.
Observation 31: For very high and high intensity traffic, enhanced Rx sensing provides ~10dB and 25-30 dB gains, respectively, as compared to the Tx-only sensing using in Release-16. For lower intensity traffic, gains can be up to 25 dB for PRR > 0.99 and 9 dB for PRR > 0.90.
Observation 32: Time masking is effective even when the utilized mask is simple (early transmissions for initial transmission and no rule on re-transmissions) and no other enhancements are utilized.
Observation 33: SIR-based resource selection is preferrable for applications with high reliability requirement, PRR > 0.99 and it is particularly effective when the traffic intensity is high.
Observation 34: Introducing collision indication and half duplex indication for past conflicts improves communication range by 60% at PRR of 99% and by 16% at PRR of 99.5% for periodic traffic in urban and highway scenarios, respectively.
Observation 35: The combination of Scheme 1 using non-preferred resource indication and past/detected and future/expected conflict indication in Scheme 2 increases communication range by 40% at PRR of 99% for aperiodic traffic in an urban scenario.
Observation 36: Scheme 1 using non-preferred resource indication and Scheme 2 using future/expected conflict indication improve communication range by 60% at PRR of 99% and Scheme 2 using past/detected conflict indication addresses half-duplex issues for aperiodic traffic in highway scenarios.
Observation 37: Scheme 1 using non-preferred resource indication improve communication range by 16% and 18% at PRR of 99% for unicast and groupcast option 2 communications.
Observation 38: The presence of Release-17 UEs indicating conflicts using NACK on PSFCH also improves the performance of Release-16 UEs in the resource pool even with a small proportion of Release-17 UEs in the pool.

Proposal 1: Use dedicated resources for inter-UE coordination signaling to reduce latency and improve reliability.
Proposal 2: For each unicast connection and when using Scheme 1 with preferred resources, one of the peer UEs becomes UE-A for this connection.
Proposal 3: In all cast types, for Scheme 1 with non-preferred resources and for Scheme 2, any UE can become a UE-A when conditions to transmit inter-UE coordination information are met at that UE.
Proposal 4: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based on both UE-B’s sensing result (if available) and the received coordination information, when the latter indicates non-preferred resources.
Proposal 5: Details on coordination information container and format can be discussed later.
Proposal 6: RAN1 further study the cost and benefit of splitting coordination information into different containers.
Proposal 7: Inter-UE coordination information does not share SCI-1/SCI-2 with data in an SCH.
Proposal 8: Support at least sending coordination message as a stand-alone transmission without data in the same slot. FFS FDM with data transmission in the same slot.
Proposal 9: Support including a unique UE identifier in the coordination message to indicate a preferred set of resource. FFS other details, e.g.
Proposal 10: A detected past conflict could be an overlap in both time and frequency or an overlap in only time.
Proposal 11: UE-B can determine a necessity of retransmission based on the received detected past conflict coordination information.
Proposal 12: An expected future conflict could be an overlap in both time and frequency (collision) or an overlap in only time (half-duplex conflict).
Proposal 13: UE-B can determine resource(s) to be re-selected based on the received expected future conflict coordination information.
Proposal 14: Support inter-UE coordination under scheme 1 with Rx-only sensing with the following additional enhancements:
Proposal 15: Detected/conflict coordination information is transmitted as NACK on PSFCH in response to transmissions with feedback.
Proposal 16: Support Scheme 1 with non-preferred resource indication for initial transmission reservation with forwarding of other UEs’ reservation information.
Proposal 17: Support Scheme 2 with indication for time overlap and time-and-frequency overlap between resources for past and future conflicts.
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Appendix A: Simulation Assumption for V2X
Table 3: Urban 
	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 
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
	-100 dBm

	Communication mode
	Group cast option 1

	Required Communication Range
	60 meters

	Minimum number of available resources
	0.2

	Number of PSFCH sequence per RB
	3

	PSFCH resource association
	1RB corresponding to starting subchannel



Table 4: Highway
	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 
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 
	Highway

	UE Drop and Mobility 
	Highway, 140km/h

	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
	-100 dBm

	Communication mode
	Group cast option 1

	Required Communication Range
	Urban: 70 meters

	Minimum number of available resources
	0.2

	Number of PSFCH sequence per RB
	3

	PSFCH resource association
	1RB corresponding to starting subchannel



Table 5: Inter UE Coordination Delay and Overhead Assumptions
	SCI-1 content
	Normal reservation for inter UE-coordination message. In this case, it only reserve current transmission (subchannel 10, current slot). 


	SCI-1 size
	56 bits (including CRC)

	SCI-2 content
	Initial transmission reservation

	SCI-2 size  
	72 bits (including CRC)

	Beta  
	2.0 

	MAC-CE content
	Reservation forwarding entries. 

	MAC-CE size
	Variable, 6 bytes per each reservation forwarding entry. + 3bytes for CRC.

	Inter UE Tx processing 
	2000 us

	Inter UE Rx processing
	SCI-2 content: 500us
MAC CE content: 3000us



Appendix B: Evaluation Assumptions for Non-V2X 
This section provides the evaluation assumptions used for the results presented in Section 3.2.3. 
The layout and the UE drops follow the Table A.2.1.1-1 of TR 36.843 parameters and methods. We simulated a layout similar to Option 3 with decreased ISD = 200 meters to consider an interference limited scenario. All UEs are assumed to be dropped outdoors. Further, as per Table A.2.1.1-1 of TR 36.843, the UEs are each equipped with 1 TX and 2 RX antennas, the TX UEs use the fixed transmit power of 23 dBm; the noise figure is assumed to be 9 dB and the antenna gain is 3dBi.
An average number of 12 unicast sessions assumed per cell (same as on Table A.2.1.1-1 of TR 36.843). With 7 sites and 3 cells per site arrangement, we have 252 TX UEs randomly selected on the layout. All other UEs are assumed to be Rx UEs. The TX and RX roles are fixed throughout the simulation for a single drop. The results are averaged over 10 drops. 
For each TX UE, a unique RX UE is identified; the peer RX UE is remained fixed throughout the simulation for a single drop. The association rule is based on the average RSRP level for the link from TX UE to RX UE. The threshold for association is based on coupling loss and taken as 107dB. 
For both periodic and aperiodic traffic, the packet PDB is 30ms. For periodic traffic, the packet arrival time is once every 30ms. For aperiodic traffic, the minimum inter-packet arrival time is 10ms with mean arrival time of 30ms (
Other assumptions are captured in the table below.

Table 6: Evaluation assumptions for non-V2X use cases
	Layout
	7-site hexagonal
	3 cells per site with wraparound

	Number of all UEs
	672
	All outdoor

	Number of Tx UEs
	252
	Randomly selected over layout

	ISD
	200m
	UE density = 1040 Tx UEs per square kilometres

	Center frequency
	3.5GHz
	

	BW
	40MHz
	

	SCS
	30KHz
	100 RBs (10 subchannels) in a slot 

	Channel model
	Winner+ B1 pathloss and Winner II-B1 LOS probability
	Based on A.2.1.2 of TR 36.843

	Tx power
	Fixed at 23dBm
	

	Association rule/threshold
	Coupling loss < 107/117dB
	Each Tx UE has one unique peer Rx UE per drop

	Traffic type
	Periodic (30ms) and aperiodic (10ms + exponential random variable with a mean of 20ms)
	PDB for both cases is 30ms

	Number of transmissions per TB
	4
	HARQ-ACK is enabled 

	Packet size
	600B/1400B/1800B
	Corresponding to 20/40/50RBs per transmission respectively



Appendix C: Feedback Distance for Groupcast Option 1
The choice of feedback distance, or communication range, impacts the performance of groupcast option 1. It provides a tradeoff between performance at close range or far range. This is due to increasing the number of UEs that would become intended recipients as the range increases. As result, the number of UEs providing feedback increases, which could increase the number of retransmissions and the system congestion.
Figure 21 shows the effect of feedback distance on Release 16 Groupcast Option 1 performance in an urban setting. It be observed that 200m is an inappropriate value for feedback distance for urban environments because it degrades the 95% PRR from 60m to 47m (range degradation of 32%) compared to feedback distance of 60m.
[image: ]
[bookmark: _Ref79142824]Figure 24: Performance of Groupcast Option 1 in Release 16 for feedback distances 60m and 200m in an urban setting.
Appendix D
In this subsection we consider a centralized scheduling scheme where scheduling UE choose resources for neighbouring UE to use for transmission. The expectation is that such scheduling scheme can provide orthogonal resources for every UE in the same group and hence optimize packet reception rate.
The simulated area is a 10km long road with 615 UEs on 6 lanes, plus several scheduling UEs spread evenly along the road. Each vehicle UE is scheduled by the closest scheduling UE. Each UE request resources for each new packet transmission and the scheduling UE responses with a list of resources. The request and response are realistically sent but idealistically received. Traffic is aperiodic. Cast type is unicast.
For benchmarking, we compare the performance against baseline (R16) and the Scheme 1 proposed in this paper (e.g. initial reservation and reservation forwarding). The proposed scheme 1 accounts for all overhead, delay and model realistic transmission/reception of Inter UE Coordination messages; while the centralized scheme only model overhead and realistic transmission of scheduling messages, reception is idealistic as mentioned above and there is no associated processing delay of request and response.
 [image: Chart, line chart

Description automatically generated]Figure 25:Performance of Scheme 1 with Centralized Scheduler
We observe that there are 2 shortcomings of centralized scheduling mechanism. First, the schedulers are not aware of each other scheduling decisions. UEs at the edge of the scheduling groups are hence vulnerable to inter group collision. Secondly, within one group, if the group size is too large then resources become scarce. Scheduling UEs cannot find enough orthogonal resources to schedule all UEs with enough resources for transmissions. This problem is normally overcome in distributed mode 2 scheduling by RSRP threshold adaptation step to get to the right spatial reuse factor. In centralized scheme, this spatial factor is fixed, depending on inter scheduling UEs distance. Furthermore, in distributed mode 2, the occupied resource exclusion zone is a disc centred at the transmitter, while in centralized scheduling, the resource exclusion zone is centred at the scheduling UEs. This makes spatial reuse irregular and sub-optimal. For these reasons, even when we sweep over all possible number of scheduling UEs, the one with optimal PRR performance (in this case 10 scheduling UEs, e.g. 1000m inter scheduling UE distance) is still outperformed by distributed scheme 1. 

Appendix E
During the email discussion [106-e-NR-R17-Sidelink-04] in RAN1 #106-e, the following proposal was suggested:
Proposal:
· In scheme 1, at least the following is supported to determine inter-UE coordination information of non-preferred resource set:
· UE-A considers any resource(s) satisfying at least one of the following condition(s) as set of resource(s) non-preferred for UE-B’s transmission
· Condition 1-B-1:
· Condition 1-B-1(a):
· Reserved resource(s) of other UE identified by UE-A whose RSRP measurement is HIGHER than a RSRP threshold when UE-A is an intended recipient of UE-B’s transmission
· Condition 1-B-1(b):
· Reserved resource(s) of other UE identified by UE-A whose RSRP measurement is LOWER than a RSRP threshold when UE-A is an intended recipient of other UE’s transmission
· FFS: Condition 1-B-2:
· Resource(s) (e.g., slot(s)) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B
· FFS: Other details (if any) including whether/how to consider UE-B’s traffic requirement (if available)
· FFS: Other condition(s)
· FFS: Other details (if any)

In this appendix, we compare the performance of applying Conditions 1-B-1 (a) and 1-B-1 (b) separately and jointly. Figure 26 provides the results where it can be observed that Option 1-B-1 (b) provides significant gains compared to Option 1-B-1 (a). It can also be observed that Option 1-B-A (a) does not provide additional gain when applied together with Option 1-B-1 (b) compared to the case of Option 1-B-1 (b) alone.
[image: ]
[bookmark: _Ref80902857]Figure 26 Performance comparison of Option 1-B-1 (a) and Option 1-B-1 (b)

Observation 39 Significant performance gain is observed when using Option 1-B-1 (b): UE-A considers as a non-preferred resource any resource(s) of other UE identified by UE-A whose RSRP measurement is LOWER than a RSRP threshold when UE-A is an intended recipient of other UE’s transmission.
Observation 40 Applying Option 1-B-1 (b) provides larger gains than applying Option 1-B-1 (a).
Observation 41 Option 1-B-A (a) does not provide additional gain when applied together with Option 1-B-1 (b) compared to the case of Option 1-B-1 (b) alone.
Table 7: Simulation Assumption For Comparing Options 1-B-1(a) and Option 1-B-1(b)
	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
	-100 dBm

	Communication mode
	Group cast option 1

	Required Communication Range
	90 meters

	Minimum number of available resources
	0.2

	Number of PSFCH sequence per RB
	3

	PSFCH resource association
	1RB corresponding to starting subchannel



image1.emf
E0

Triggering event 

                

            

Proc. ime for UE A

                

            

IUC triggering for UEA

UE A͛s IUC in 

response to 

E0


Microsoft_Visio_Drawing.vsdx
E0
Triggering event

Proc. ime for UE A

IUC triggering for UEA
UE A’s IUC in response to E0



image2.png
SCl rx IUC rx

SCl processed  IUC formed IUC encoded IUC processed
Trwaa Trwa,2 Trwa3 Trwa3

Trwa = Trwa,1 + Trwa 2t Trwa st Trwaa




image3.emf
                

            

slot

                

            

subchannel

                

            

Reporting resources

                

            

Periodicity of reporting resources


Microsoft_Visio_Drawing1.vsdx

slot

subchannel

Reporting resources

Periodicity of reporting resources



image4.emf
                

            

slot

                

            

subchannel

Reporting resources

                

            

Periodicity of reporting resources


Microsoft_Visio_Drawing2.vsdx

slot

subchannel
Reporting resources

Periodicity of reporting resources








image5.emf
UE1 UE2 UE3 UE4

                

            

                

            

                

            

RSRP_2,1 RSRP_3,1 Tx on resource n


Microsoft_Visio_Drawing3.vsdx
UE1
UE2
UE3
UE4



RSRP_2,1
RSRP_3,1
Tx on resource n



image6.png
PRR

0.99

0.98

097

0.96

095

0.94

093

092

615 UE, Highway Test, AWGN, tti =2

= = =Initial Reservation + Realistic Reservation Forwarding
R16 Baselne
~ Gene, instantaneous Reservation forwarding

50 100 150 200 250
Distance(m)





image7.png
35

25

15

05

x10%

[ il Reservation + Realitic Reservation Forwarding
IR 16 Baseline
[ Genie, instantaneous Reservation forwarding

1 2 3 4





image8.png




image9.png




image10.png




image11.png




image12.png
Inter UE coordination

Inter UE coordination
direct link

>

UEs

Inter UE coordination indirect
link (forwarding)




image13.png
\ N

%l

o)

UE-1and UE-3
coordination messages





image14.png
L1
A
i~
=

UE-1 and UE-3 UE-2 coordination
coordination messages message




image15.png
) N

) )

:

UE-1and UE-3 UE-2 coordination UE4 coordination
coordination messages message message




image16.png
L)

H
I o=

UE-1 and UE-3 UE-2 coordination UE4 coordination UES5 coordination
coordination messages message message message




image17.png
PRR

095

09

085

615 UE, Highway

—— Scheme 1

——— Scheme 1 + Scheme 2 (expected conflict)
~ = = Scheme 1 + genie Rx of IUE messages
——— Baseline (R16)

———— Scheme 2 (expected conflct)

50 100 150 200 250
Distance(m)




image18.png
PRR High Priority

615 UE, Highway Drop

0.995

0.99

0.985

0.98

0.975

097

0.965

0.96

0.955

Baseline
Scheme 1

0.95
20

40 60 8 100 120
Distance(m)

140




image19.png
PRR

615 UE, Highway

095

09

Scheme 1 (reserve Inilal resource + forward other's reserved resources)
———+ Scheme 2 (expected conflict)

+ Half Duplex Avoidance

Scheme 1 (reserve inital resource + forward other's reserved resources)
+ Scheme 2 (expected conflct)

Half Duplex Avoidance

——— Baseline (R16)

085
0 50 100 150 200 250

Distance(m)




image20.png
Sub-

channels

slots




image21.png
Retransmit Retransmit

4

I Half-duplex indication I Post-collision indication
transmitted transmitted




image22.png
Processi T
o { Resource X
UE, T *

-|--of

UE, ———jPostcolisonindioaionticolisin)

Half-duplex indigation (otherwise)

Processing

—

,\_},‘m Y

UE s




image23.png
Change resource

I Pre-collision indication
transmitted

UE,
UE,

UE,

scy

—»Resource X Resource Y

TGrocessing pre-colision indication
¥

H ' Pre-collision indication





image24.emf

image25.png
PRR

0.97

0.96

0.95

0.94

0.93

TX-only
092 17 Ry only wio enh
| RX-only2 wio enh
0.91 [~ |——Rx-only + M (mask1)
—— Rx-only all enh (mask2)
0.9 [-|= = =RX-only2 all enh (mask2)
=== RX-only $+P+0
089 I I I I I
65 70 75 80 85 £y 95 100 105 110

Coupling Loss, dB





image26.png
PRR

Ap$riodic traffic wi

0.99

0.98

0.97

0.96

0.95

0.94

0.93

0.92

0.91

TX-only
RX-only wio enh
RX-only + M (mask1)
RX-only2 wio enh
RX-only all enh (mask2)
~RX-only2 all enh (mask2)
= RX-only §+P+0

e = 20 RBs, Association CL <117 dB

inter-packet arrival time = 30ms, PDB = 30 ms, Packet siz
= T

70 75

80

85

£y 95
Coupling Loss, dB

100

105 110 115




image27.emf
0 10 20 30 40 50 60

Distance(m)

0.94

0.95

0.96

0.97

0.98

0.99

1

P

R

R

Urban

Non-pref Resources + Exp. Conflict Ind.

Non-pref Resources + Exp. Conflict Ind. + Det. Conflict Ind.

Release-16

Det. Conflict Ind.


image28.emf
0 50 100 150 200 250

Distance(m)

0.97

0.975

0.98

0.985

0.99

0.995

1

P

R

R

Highway

Non-pref Resources + Exp. Conflict Ind.

Non-pref Resources + Exp. Conflict Ind. + Det. Conflict Ind.

Release-16

Det. Conflict Ind.


image29.emf
0 10 20 30 40 50 60

Distance(m)

0.92

0.93

0.94

0.95

0.96

0.97

0.98

0.99

1

P

R

R

Non-pref Resources + Exp. Conflict Ind.

Non-pref Resources + Exp. Conflict Ind. + Det. Conflict Ind.

Release-16

Det. Conflict Ind.


image30.emf
0 50 100 150 200 250

Distance(m)

0.93

0.94

0.95

0.96

0.97

0.98

0.99

1

P

R

R

Non-pref Resources + Exp. Conflict Ind.

Non-pref Resources + Exp. Conflict Ind. + Det. Conflict Ind.

Baseline

Det. Conflict Ind.


image31.emf
0 50 100 150 200 250 300 350 400

Distance (m)

0.95

0.955

0.96

0.965

0.97

0.975

0.98

0.985

0.99

0.995

1

P

R

R

Groupcast Option 2

Baseline

Non-preferred Resources


image32.emf
0 100 200 300 400 500 600 700

Distance (m)

0.9

0.91

0.92

0.93

0.94

0.95

0.96

0.97

0.98

0.99

1

P

R

R

Unicast

Baseline

Non-preferred Resources


image33.emf
0 10 20 30 40 50 60

Distance(m)

0.94

0.95

0.96

0.97

0.98

0.99

1

P

R

R

 

(

R

1

6

 

D

e

v

i

c

e

s

 

o

n

l

y

)

100% Rel-16 UEs (Baseline)

95% Rel-16 UEs, 5% Rel-17 UEs

80% Rel-16 UEs, 20% Rel-17 UEs

60% Rel-16 UEs, 40% Rel-17 UEs


image34.emf
0 20 40 60 80 100 120 140

Distance(m)

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

P

R

R

Feedback distance = 60m

Feedback distance = 200m


image35.png
0.995

0.99

0.985

0.98

0975

Highway, Unicast, AWGN ibe=SPEC 6101

——— Baseline (R16)
——— Scheme 1 (iniial reservation + forwarding reservation)
———Scheme 1 (centralized scheduling), 10 scheduling UEs.
——— Scheme 1 (centralized scheduling), 5 scheduling UEs

50

100

150

200

250

300

350




image36.emf
0 10 20 30 40 50 60 70 80 90 100

Distance(m)

0.75

0.8

0.85

0.9

0.95

1

P

R

R

590 UEs, Urban

Option 1-B-1(a)

Option 1-B-1(b)

Release-16

Options 1-B-1(a) + 1-B-1(b)


