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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#106-e meeting for Release-17 NR sidelink reliability enhancement are as follows:
[bookmark: _Hlk57107798]Agreement
For scheme 1, the following inter-UE coordination information signalling from UE-A is supported. FFS details including condition(s)/scenario(s) under which each information is enabled to be sent by UE-A and used by UE-B.
· Set of resources preferred for UE-B’s transmission
· Set of resources non-preferred for UE-B’s transmission

Agreement
For scheme 2, the following inter-UE coordination information signalling from UE-A is supported. FFS details including condition(s)/scenario(s) under which each information is enabled to be sent by UE-A and used by UE-B
· Presence of expected/potential resource conflict on the resources indicated by UE-B’s SCI
· FFS: UE behaviour when the presence of expected/potential resource conflict is detected by the transmitter
· FFS: Whether to additionally support the presence of detected resource conflict on the resources indicated by UE-B’s SCI

Agreement
· In scheme 1, the following is supported for UE(s) to be UE-A(s)/UE-B(s) in the inter-UE coordination information transmission triggered by an explicit request in Mode 2:
· A UE that sends an explicit request for inter-UE coordination information can be UE-B
· A UE that received an explicit request from UE-B and sends inter-UE coordination information to the UE-B can be UE-A
· Working assumption At least a destination UE of a TB transmitted by UE-B can be UE A
· The above feature can be enabled or disabled or controlled by (pre-)configuration
· FFS: Details on how to support this, including (pre-)configuration signaling granularity
· FFS: Additional details and conditions on UE-A and UE-B
· Working Assumption In scheme 1, the following is supported for UE(s) to be UE-A(s)/UE-B(s) in the inter-UE coordination information transmission triggered by a condition other than explicit request reception in Mode 2:
· A UE that satisfies the condition mentioned in the main bullet and sends inter-UE coordination information is UE-A
· A UE that received inter-UE coordination information from UE-A and uses it for resource (re-)selection is UE-B
· The above feature can be enabled or disabled or controlled by (pre-)configuration
· FFS: Details on how to support this, including (pre-)configuration signaling granularity
· FFS: Additional details and conditions on UE-A and UE-B

Agreement
In scheme 2, at least the following is supported for UE(s) to be UE-A(s)/UE-B(s) in the inter-UE coordination transmission triggered by a detection of expected/potential resource conflict(s) in Mode 2:
· A UE that transmitted PSCCH/PSSCH with SCI indicating reserved resource(s) to be used for its transmission, received inter-UE coordination information from UE-A indicating expected/potential resource conflict(s) for the reserved resource(s), and uses it to determine resource re-selection is UE-B
· A UE that detects expected/potential resource conflict(s) on resource(s) indicated by UE-B’s SCI sends inter-UE coordination information to UE-B, subject to satisfy one of the following conditions, is UE-A
· Working assumption At least a destination UE of one of the conflicting TBs, i.e., TBs to be transmitted in the expected/potential conflicting resource(s)
· Whether a non-destination UE of a TB transmitted by UE-B can be UE-A is (pre-)configured
· FFS: Additional details and condition(s) on UE-A and UE-B
· The above feature can be enabled or disabled or controlled by (pre-)configuration
· FFS: Details on how to support this, including (pre-)configuration signaling granularity
· FFS: Definition of expected/potential resource conflict(s) and other details (if any)

Agreement
In scheme 2, the following UE-B’s behavior in its resource (re)selection is supported when it receives inter-UE coordination information from UE-A:
· UE-B can determine resource(s) to be re-selected based on the received coordination information
· UE-B can reselect resource(s) reserved for its transmission when expected/potential resource conflict on the resource(s) is indicated
· FFS: Other details (if any) 

Agreement
In scheme 1, at least following UE-B’s behavior in its resource (re-)selection is supported when it receives inter-UE coordination information from UE-A:
· For preferred resource set, the following two options are supported:
· Option A): 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
· UE-B uses in its resource (re-)selection, resource(s) belonging to the preferred resource set in combination with its own sensing result
· UE-B uses in its resource (re-)selection, resource(s) not belonging to the preferred resource set when condition(s) are met
· FFS: Details of condition(s)
· This option is supported when UE-B performs sensing/resource exclusion
· FFS: Other details (if any) 
· Option B): UE-B’s resource(s) to be used for its transmission resource (re-)selection is based only on the received coordination information
· UE-B uses in its resource (re-)selection, resource(s) belonging to the preferred resource set
· This option is supported at least when UE-B does not support sensing/resource exclusion
· FFS: Whether the support is conditional or UE capability
· FFS: Other details (if any)
· FFS: Other option(s), and other details (if any)
· For non-preferred resource set, 
· 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 
· UE-B excludes in its resource (re-)selection, resource(s) overlapping with the non-preferred resource set
· FFS: Details including
· Whether/how UE-B can use in its resource (re-)selection, resource(s) overlapping with the non-preferred resource set, definition of the overlap, and other details (if any)
· When UE-B excludes in its resource (re-)selection, resource(s) overlapping with the non-preferred resource set
· FFS: UE-B reselects in its resource (re-)selection, resource(s) to be used for its transmission when the resource(s) are fully/partially overlapping with the non-preferred resource set
· FFS: Other option(s), and other details (if any)

Agreement
In scheme 2, at least the following is supported to determine inter-UE coordination information:
· Among resource(s) indicated by UE-B’s SCI, UE-A considers that expected/potential resource conflict occurs on the resource(s) satisfying at least one of the following condition(s): 
· Condition 2-A-1:
· Other UE’s reserved resource(s) identified by UE-A are fully/partially overlapping with resource(s) indicated by UE-B’s SCI in time-and-frequency
· FFS: Other details (if any) 
· FFS: Whether/how to specify additional criteria and other details (if any) including signaling details of conflict indication
· (Working Assumption) Condition 2-A-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 due to half duplex operation
· FFS: Other details (if any)
· FFS: Other condition(s)
· FFS: Other details (if any)

Agreement 
In scheme 1, at least the following is supported to determine inter-UE coordination information of preferred resource set:
· UE-A considers any resource(s) satisfying all the following condition(s) as set of resource(s) preferred for UE-B’s transmission
· Condition 1-A-1:
· Resource(s) excluding those overlapping with reserved resource(s) of other UE identified by UE-A whose RSRP measurement is larger than a RSRP threshold
· FFS: Other details (if any)
· FFS: Condition 1-A-2:
· Resource(s) excluding 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)
· FFS: Condition 1-A-3:
· Resource(s) satisfying UE-B’s traffic requirement (if available)
· FFS: Other details (if any)
· FFS: Other condition(s)
· FFS: Other details (if any)

Agreement 
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:
· Reserved resource(s) of other UE identified by UE-A from other UEs’ SCI (including priority field) and RSRP measurement
· FFS: Other details (if any) 
· 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)
· FFS: Other condition(s)
· FFS: Other details (if any)


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 Sections 4 and 5 and Scheme 2 is in Section 35.
[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: _Toc84009601]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: _Toc84009602]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: _Toc84009603]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.
[bookmark: _Ref83998478]Scheme 2 with Expected-conflict Indication
Multiple agreements regarding Scheme were made in RAN1 #106-e. In this section, we propose additional details for Scheme 2 and address the FFS items.
The first open issue to address is how to indicate a conflict. There are two approaches: the first is to indicate the conflicting resource and the second is to indicate the reservation that caused the conflict. If the first option is chosen, the message needs to further indicate which of the two UEs with conflicting reservations on that resource needs to perform resource reselection. On the other hand, if the second option is chosen, then no additional information is needed, and which UE is UE-B is clear since each UEs knows its own reservations.

[bookmark: _Toc84009604]Proposal 4: The expected-conflict indicator indicates which reservation caused the conflict, not the resource that has the conflict.
Next, we look at how the indicator is transmitted. PSFCH is the most suitable physical layer channel to use since only one bit of information needs to be conveyed. Two options were discussed in RAN1 106-e: using the same sequence as feedback, i.e. PUCCH format 0 in resources that are separate from those used for feedback, or using a new sequence. Using a new sequence requires significant implementation changes as well as a study to design those sequences and to study they correlation properties with the feedback sequences. Therefore, we do not see a new sequence as a viable option in Release-17. Reusing the same sequence but on separate resources within PSFCH symbols can be easily achieved: Release-16 already provides a mechanism to limit feedback to a subset of PSFCH RBs and the remaining RBs can be used for conflict indication.
[bookmark: _Toc84009584]Observation 1: Introducing a new sequence for conflict indication requires significant implementation changes as well as a study on how such a sequence interacts with the feedback sequences.
[bookmark: _Toc84009605]Proposal 5: Expected-conflict indication is transmitted on PSFCH resources not used for feedback in PSFCH symbols using the existing PSFCH sequence.
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: _Toc84009606]Proposal 6: Conflict indicators are applicable to transmissions with and without feedback. 
When UE-A detects a conflict between two transmissions, it needs to determine whether it needs to transmit an indicator and to which UE it needs to transmit it. Some overlaps in time and frequency fall under spatial reuse and would not necessarily qualify as a conflict. To determine whether an overlap is a conflict that needs to be indicated or not, UE-A would use the RSRP of each reservation and, when available, the location of each transmitter. If the RSRP difference, or the distance, between the two transmitter is very large, then the overlap is likely to be spatial reuse and not a conflict. The choice of which UE should receive the conflict indication and reselect its resources would be priority based.
[bookmark: _Toc84009607]Proposal 7: UE-A determines the necessity of transmitting an expected-conflict indication based on the RSRP and, if available, location information of the reservations causing the conflict.
[bookmark: _Toc84009608]Proposal 8: UE-A determines which UE to transmit the conflict indicator to based on priorities and arrival time of reservations.
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 Rel-16. 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: _Toc84009585]Observation 2: A more aggressive pre-collision indication condition can be applied when the 2 involved reservation was made almost at the same time. 
[bookmark: _Ref83998486]Scheme 1 with Preferred-resource Indication
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 a SL UE itself has chosen not to 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. 

We first 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: _Toc84009586]Observation 3: Sharing of preferred resources might not be as beneficial to broadcast or groupcast communications as other coordination schemes and information.
[bookmark: _Toc84009609]Proposal 9: Support scheme 1 indicating preferred set of resources only for unicast communications between UE-B and UE-A.
In the previous RAN1 meeting, it was agreed that for scheme 1 indicating the preferred set of resources, the inter-UE coordination information transmission by UE A is triggered based on an explicit request from UE B. In our view, the request could be sent semi-statically; in particular, during the PC5 link setup for unicast communication, considering the capability of the UEs, a UE B could request to receive inter-UE coordination information indicating the set of preferred resources from the peer UE A. 
[bookmark: _Toc84009610]Proposal 10: For scheme 1 indicating the set of preferred resources, a UE B requests for receiving inter-UE coordination information from UE A during their PC5 link setup via PC5 RRC signaling.   

   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 has chosen not to 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 2: 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 indicated 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: _Toc84009587]Observation 4: 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: _Toc84009588]Observation 5: 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: _Toc84009589]Observation 6: 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. 
   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 2, 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 3 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 3: Dedicated and staggered resources for inter-UE coordination signaling.
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 4: 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: _Toc84009590]Observation 7: 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: _Toc84009611]Proposal 11: 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 
Another question to answer is what container should be used to deliver the set of preferred resources to a UE B. First, it should be noted that it is important for UE-B to identify and transmit on the indicated preferred resources as quickly as possible before other UEs select and use them for their own transmission. This is in contrast to non-preferred resources, where once a resource is identified as non-preferred, it remains so. Given the latency incurred by MAC-CE/RRC processing and the size limitation of SCI-1, we propose to define a new SCI-2 format as a container for delivering the set of preferred resources. 
[bookmark: _Toc84009612]Proposal 12: For indicating the set of preferred resources, RAN1 should define a new SCI-2 format.
In the previous RAN1 meeting, the following two options agreed to be supported for scheme 1:
Agreement:
In scheme 1, at least following UE-B’s behavior in its resource (re-)selection is supported when it receives inter-UE coordination information from UE-A:
· For preferred resource set, the following two options are supported:
· Option A): 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
· UE-B uses in its resource (re-)selection, resource(s) belonging to the preferred resource set in combination with its own sensing result
· UE-B uses in its resource (re-)selection, resource(s) not belonging to the preferred resource set when condition(s) are met
· FFS: Details of condition(s)
· This option is supported when UE-B performs sensing/resource exclusion
· FFS: Other details (if any) 
· Option B): UE-B’s resource(s) to be used for its transmission resource (re-)selection is based only on the received coordination information
· UE-B uses in its resource (re-)selection, resource(s) belonging to the preferred resource set
· This option is supported at least when UE-B does not support sensing/resource exclusion
· FFS: Whether the support is conditional or UE capability
· FFS: Other details (if any)
· FFS: Other option(s), and other details (if any)

As our evaluation results in Section 3.3 show, for unicast communication, combining the inter-UE coordination information received from UE A with the sensing results obtained by a UE B itself degrades system performance under different loading scenarios. This is since as a receiver, a UE A is in the best position to identify a set of available resources for reception; the additional sensing by a UE B could lead to identifying some resources as unavailable which are, in fact, can be used for a successful transmission to a UE A. This will lead to degrading system resource efficiency and therefore PRR performance. 

[bookmark: _Toc84009591]Observation 8: Combining the inter-UE coordination information with the sensing results of a UE B degrades system performance as compared to relying solely on the identified set of preferred resources by UE A. 
Finally, RAN1 is discussing whether the support of Option B is conditional or should be based on a UE capability. In our view, defining such a UE capability is not reasonable. First, a UE B should be able to receive other channels to be able to setup a unicast link. It should also be able to receive the inter-UE coordination information from a UE A. Such a UE can therefore receive PSCCH/PSSCH when needed. However, when it is being helped by another UE, it may choose to not perform sensing. Second, defining such a capability means that a UE cannot communicate over SL at all in the absence of a helping UE A, which in our view, is not desirable.
[bookmark: _Toc84009613]Proposal 13: Under scheme 1 with preferred set of resources, the support of Option B, i.e., solely relying on the inter-UE coordination information from a UE A, is not based on a UE capability.   

   Evaluation Results for non-V2X Unicast Communication  
In this section, we investigate the performance gains that can be obtained in non-V2X scenarios, for example commercial use cases, where Scheme 1 with preferred resources is used for unicast communication sessions. 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 5.

[image: ]
[bookmark: _Ref84000239]Figure 5: 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 Figure 5, 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 6. In the first evaluation setup, we slightly decreased the packet size from 50 RBs (for which results are depicted in Figure 5) 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 6, 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 Table 1 for all investigated schemes.
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[bookmark: _Ref84000659]Figure 6: 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.

[bookmark: _Ref84000796]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 7, we observe the comparison of the same schemes and enhancements as in Figure 6 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 7, 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 Table 2.
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. 
[image: ] 
[bookmark: _Ref84000834]Figure 7: 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.
[bookmark: _Ref84000916]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: _Toc84009592]Observation 9: 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: _Toc84009593]Observation 10: 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: _Toc84009594]Observation 11: 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: _Toc84009595]Observation 12: 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.
Next, we provide our evaluation results regarding the discussion where UE B has its own sensing information as well as the IUC message received from UE A, which is the intended receiver UE in our unicast communication scenario. The question is whether UE B should use either the provided resources by UE A or combine it with its own sensing by means of a simple logical AND operation. For this purpose, we define and simulate a new scheme, named as AND-combining scheme, where UE B applies a logical AND operation on each one of the potential resources. Therefore, for any given resource under consideration, it is available only when both UE B and UE A declare it as available; otherwise, it is determined by UE B as unavailable. We are comparing the PRR obtained from this scheme as compared to those from the Tx-only scheme and the Rx-only scheme. 
For the high-intensity traffic scenarios (network load is high), there are too little available sidelink resources from the point of view of both UE A and UE B. Therefore, by combining the sensing results, one should expect that most of the resources will be marked as unavailable, which leads to a further decrease in the number of available resources and delaying of the transmissions further towards the end of the packet delay budget. This, in turn, would trigger a more constrained set of (re)-transmissions with limited resource availability (probably, even a smaller number of re-transmissions than the maximum number allowed) and incurs performance loss. On the other hand, when the traffic intensity is low, one may expect that UE B may correct some of the misdetections in the received IUC message (e.g., due to a collision during UE A’s sensing of the reservations) and avoid creating interference that would damage the already reserved transmissions of other Tx UEs nearby. It is crucial that we identify whether the advantages of AND-combining would overcome the effects of the related disadvantages by means of system level evaluations. The Figure 8 and Figure 9 show the PRR performance curves of three schemes under two different traffic intensity levels that are set as a function of the size of the packets generated by 252 TX UEs in the network.
[image: ]
[bookmark: _Ref83984485]Figure 8: Comparison of combining the sensing results with the schemes where the sensing results of either UE B or UE A is utilized when the traffic intensity is high.
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[bookmark: _Ref83984494]Figure 9: Comparison of combining the sensing results with the schemes where the sensing results of either UE B or UE A is utilized when the traffic intensity is low.
In Figure 8, we observe that using a logical AND combination of the resource availability information leads to an inferior performance (lower supported MCL values) with respect to even the scheme in which only Tx UE is sensing the resources, for any PRR requirement higher than 0.94. For PRR < 0.94, we still cannot observe a considerable gain with respect to the Tx-only scheme. Using the same figure, one can clearly identify that sensing only on the Rx UE side is superior to the other two techniques over the whole PRR region of interest. 
With reduced packet sizes, the network load decreases; the results are captured in Figure 9. The AND-combining scheme is a better choice than the Tx-only sensing scheme and shows up to 3 dB gain over the PRR values of interest. However, the Rx-only scheme still outperforms both other schemes. 
[bookmark: _Toc84009596]Observation 13: For non-V2X unicast communications, sensing only at UE A and reporting the IUC message of preferred resources to UE B (Rx-only scheme) outperforms the schemes in which UE B either uses its own sensing results (Tx-only scheme) or combines its sensing results with those in the received IUC message through logical AND operation (AND-combining scheme) for a wide variety of traffic intensity levels/network loads.
[bookmark: _Ref68613271][bookmark: _Ref83998487][bookmark: _Ref71573374]Scheme 1 with Non-preferred Resource Indication
It was agreed that sharing of non-preferred resources can be triggered by a condition other than explicit request reception in Mode 2. In this section, we provide details for remaining items.
There are three possible containers for sharing the set of non-preferred resources:
a) SCI-2: define a new SCI-2 format to convey a set of non-preferred resources. The main benefit for this option is very fast processing time on the receiver side. The main drawback is the small maximum possible payload size of 140 bits. This size limitation would be an issue for indicating the set of non-preferred resources, which would typically contain more resources than the preferred set and would span a longer time duration to accommodate periodic reservations.
b) SCI-1: this option has the same processing time benefit as SCI-2 option with the addition of allowing Rel-16 UEs to understand at least part of the Rel-17 inter UE coordination information. This would benefit the case where Rel-16 and Rel-17 UEs operate in the same resource pool. However, it further limits the size of the non-preferred resource set to at most two resources.
c) SL-SCH: use the shared channel to convey a set of resources, using MAC-CE or PC5-RRC signaling. In addition to the difference in processing delay, the RRC option has the limitation that it only supports sending coordination messages as unicast, rendering it unsuitable for indicating non-preferred resources.
From the above, it can be concluded that MAC-CE is the most suitable container for indicating the set of non-preferred resources.
[bookmark: _Toc84009597]Observation 14: Non-preferred resource indication is less latency sensitive than preferred-resource indication but requires larger payloads.
[bookmark: _Toc84009614]Proposal 14: MAC-CE is used for indicating the non-preferred resource set to accommodate the needed payload size.
Next, we discuss whether the MAC-CE should be standalone or multiplexed with other SL-SCH. Each option is well suited for some scenario. However, there one issue and that is simultaneous transmissions in the same slot, and on the same carrier, are not supported by the UE in sidelink or Uu. Therefore, we propose that the MAC-CE carrying the non-preferred resource indication is either multiplexed with other SL-SCH when available or transmitted in a slot without other sidelink transmissions.
[bookmark: _Toc84009615]Proposal 15: The MAC-CE containing the set of non-preferred resources is either multiplexed with other SL-SCH when available or transmitted in a slot without other sidelink transmissions.
The following possible triggering conditions were discussed in RAN1:
a) UE has selected but not reserved an initial transmission of a TB; the set of non-preferred resources is sent in the PSSCH portion of an early reservation transmission.
b) UE has a transmission of a TB; the set of non-preferred resource is sent in the same slot in an opportunistic manner. Based on the previous discussion, the set of non-preferred would need to be multiplexed on SL-SCH.
c) UE detected a collision; the set of non-preferred resources is sent to provide further information for collision resolution. 
Among the above listed options, only a. and b. have been demonstrated to be beneficial, while c. has been shown to not bring any benefit compared to Scheme 2. Thus, we propose to only adopt a. and b.
[bookmark: _Toc84009598]Observation 15: Collision indication is already supported as part of Scheme 2 and there is no need to duplicate the functionality in Scheme 1.
[bookmark: _Toc84009616]Proposal 16: Completing resource selection is a trigger condition for transmitting non-preferred resource coordination information, which comprises indicating resources for a selected but not reserved initial transmission.
[bookmark: _Toc84009617]Proposal 17: Transmission of a TB is a trigger condition for transmitting non-preferred resource coordination information, which comprises indicating resources for reservations that UE-A intends to receive.
The format of the set of non-preferred resources should reuse as much as possible existing signaling mechanism while still being able to indicate resources that are far away in time. For this reason, we think each resource reservation entry in the set of non-preferred resources should include the time and frequency allocation for each non-preferred resource. The reservation periodicity should also be included to avoid persistence collisions. Furthermore, each entry should be associated with the slot when the reservation is first made, so that UE-B can use the same time reference point as Rel-16 sensing procedure.
[bookmark: _Toc84009618]Proposal 18: Each entry in the set of non-preferred resources should include the time allocation, the frequency allocation, and periodicity of the reservation as well as the slot where the reservation was originally made.
From the above discussions, we can see that inter UE coordination can improve over Rel-16 sensing mechanism in two respects. Firstly, for aperiodic traffic, the set of non-preferred resources can be used to signal the selected but not reserved resource. We demonstrated this gain in our previous contributions [6]. We also provide additional results in Figure 10. We can see that the scheme provides almost 90% communication range gain at 99 percentage PRR over Rel-16 mechanism.
Another key observation here is that most of the half duplex loss happens at the initial transmission. For this reason, half duplex avoidance techniques, unlike half-duplex recovery techniques previously proposed in our contributions as part of Scheme 2 [6], show little benefit using reservation information in Rel-16 SCI-1 and SCI-2. Under proposed Scheme 1, at least the initial reservation is indicated ahead of time, UE-B can take proper action to avoid it also addressing the half-duplex issue.
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[bookmark: _Ref84006027]Figure 10: Effectiveness of Half Duplex Avoidance Technique
Two non-exclusive options were discussed in RAN1 106-e for how UE-A determines the set of non-preferred resources based on other UEs’ reservations:
a) UE-A sends to UE-B a set of resources reserved by other UEs, e.g. a UE-C, with high measured RSRP. The intention of this option is to inform UE-B about potential strong interferers. However, it suffers from two main drawbacks. First, as there are typically many interferers in the system, the number of resources in the set can become uncontrollably large, especially under heavy load condition. Secondly, when the link between UE-A and UE-B is in good condition, the inter UE coordination information provides no further information than what UE-B has already known. When the link between UE-A and UE-B is weak, the inter UE coordination message is unlikely be decoded by UE-B due to its large size and weak channel conditions. 
b) UE-A sends to UE-B a set of resources reserved by other UEs, e.g. a UE-C, that it intends to receive and have low RSRP. This option addresses the above 2 shortcomings by reversing the direction of sending inter UE coordination information. First, the number of UE-Cs who UE-A intend to receive from is typically small. We can reduce the size of this set even more by only including UE-Cs with weak links to UE-A, since only those transmissions need to be protected from hidden nodes. Furthermore, any UE-B that can reliably receive the inter UE coordination message from UE-A should have a strong link to UE-A, hence potentially interferes with UE-C transmission. Otherwise, the information is irrelevant to UE-B.
UE-B’s behavior in its resource (re-)selection when it receives inter-UE coordination information from UE-A also remains to be defined. Upon receiving inter UE coordination message, UE-B will avoid transmitting on a resource that cause strong interference to UE-A, this includes:
a) When UE-B measures very strong RSRP on the inter UE coordination message from UE-A. This means UE-B is very close to UE-A. If UE-B transmits on the same slot as a resource reserved by UE-C, it may cause near/far effect and interferes with signal from UE-C. In this case, UE-B should refrain from selecting resources on any slot that with reservations from UE-C. One can view this as a special case of hidden node, as UE-B interference is “hidden” from UE-C’s Rel-16 sensing mechanism.
b) When UE-B measures moderate RSRP on the inter UE coordination message from UE-A. This means UE-B is close to UE-A, but not close enough to cause near/far effect. In this case, UE-B should refrain from selecting resources that overlaps in time and frequency with UE-C’s reservations.
For periodic traffic, the interference pattern becomes more stable over a longer period. Thanks to this, UEs can forward periodic reservations from other UEs so that hidden node and near/far effect can be mitigated. However, the effectiveness of the protection depends on how UE-A forms the set of non-preferred resources and how UE-B reacts to this information. We provide simulation results comparing the following different options.
1) Baseline: Rel-16 sensing mechanism
2) Option 1: forward interferer’s reservations with strong RSRP.
3) Option 2: forward intended transmitters’ reservations, i.e. those that UE-A intends to receive, with weak RSRP.
4) Option 3: forward intended transmitters’ reservations, i.e. those that UE-A intends to receive, with weak RSRP. UE B further applies near/far effect mitigation.
As we can see from the results, Option 1, forwarding strong interferers’ reservations, provides no gain compared to the baseline. As discussed earlier, this result is expected given that UE-B is likely already aware of strong interferers at UE-A and when it is not, that correlates with a weak link to UE-A significantly reducing the likelihood of successfully receiving the coordination message. On the other hand, Option 2 provides gain over Rel-16 sensing mechanism and the performance is further improved when near/far effect mitigation is employed by UE-B. 
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Description automatically generated]Figure 11: Compare Different Options for UE A and UE B behaviors.
[bookmark: _Toc84009599]Observation 16: No performance gain was observed when UE-A forms the set of non-preferred resources as reservations from other interferers with RSRP larger than a threshold.
[bookmark: _Toc84009600]Observation 17: Performance gain was observed when UE-A forms the set of non-preferred resources as reservations from intended transmitters, i.e. reservations that UE-A intends to receive, with RSRP lower than a threshold.
[bookmark: _Toc84009619]Proposal 19: UE-A does not UE-A form the set of non-preferred resources as reservations from other interferers with RSRP larger than a threshold
[bookmark: _Toc84009620]Proposal 20: UE-A forms the set of non-preferred resources as reservations from intended transmitters, i.e. reservations that UE-A intends to receive, with RSRP lower than a threshold.
[bookmark: _Toc84009621]Proposal 21: UE-B excludes in its resource (re-)selection, resource(s) overlapping with the non-preferred resource set, where
1. The overlap is in time and frequency domain if the measured RSRP on the transmission carrying the MAC CE containing the set of non-preferred resource is larger than a threshold
2. The overlap is in time domain if the measured RSRP on the transmission carrying the MAC CE containing the set of non-preferred resource is larger than another, higher threshold
Based on the above discussion, we propose to only consider schemes with demonstrated benefits and do not incur large specification impact. The following candidate schemes for non-preferred resource indication satisfy the two conditions:
1. The non-preferred resource set indicates resources for a selected but not reserved initial transmission.
2. The non-preferred resource set includes reservations from intended transmitters for periodic traffic; using MAC CE multiplexed with other SL-SCH transmissions.
[bookmark: _Toc84009622]Proposal 22: The non-preferred resource set:
1. indicates resources for a selected but not reserved initial transmission.
2. includes reservations from intended transmitters for periodic traffic; using MAC CE multiplexed with other SL-SCH transmissions.
RRC Parameters
In RAN1 106-e, various agreements were made that features can be enabled or disabled by (pre-)configuration with FFS on the granularity. The inter-UE coordination schemes and their variants are independent and might be applicable to all scenarios. Therefore, we propose that Scheme 1 with preferred-resource indication, Scheme 1 with non-preferred resource indication, and Scheme 2 can be independently enabled or disabled by resource pool (pre-)configuration to match the target deployment scenario.
[bookmark: _Toc84009623]Proposal 23: Scheme 1 with preferred-resource indication, Scheme 1 with non-preferred resource indication, and Scheme 2 can be independently enabled or disabled by resource pool (pre-)configuration.
Conclusion
Observation 1: Introducing a new sequence for conflict indication requires significant implementation changes as well as a study on how such a sequence interacts with the feedback sequences.
Observation 2: A more aggressive pre-collision indication condition can be applied when the 2 involved reservation was made almost at the same time.
Observation 3: Sharing of preferred resources might not be as beneficial to broadcast or groupcast communications as other coordination schemes and information.
Observation 4: 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 5: 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 6: 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 7: 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 8: Combining the inter-UE coordination information with the sensing results of a UE B degrades system performance as compared to relying solely on the identified set of preferred resources by UE A.
Observation 9: 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 10: 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 11: 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 12: 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 13: For non-V2X unicast communications, sensing only at UE A and reporting the IUC message of preferred resources to UE B (Rx-only scheme) outperforms the schemes in which UE B either uses its own sensing results (Tx-only scheme) or combines its sensing results with those in the received IUC message through logical AND operation (AND-combining scheme) for a wide variety of traffic intensity levels/network loads.
Observation 14: Non-preferred resource indication is less latency sensitive than preferred-resource indication but requires larger payloads.
Observation 15: Collision indication is already supported as part of Scheme 2 and there is no need to duplicate the functionality in Scheme 1.
Observation 16: No performance gain was observed when UE-A forms the set of non-preferred resources as reservations from other interferers with RSRP larger than a threshold.
Observation 17: Performance gain was observed when UE-A forms the set of non-preferred resources as reservations from intended transmitters, i.e. reservations that UE-A intends to receive, with RSRP lower than a threshold.

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: The expected-conflict indicator indicates which reservation caused the conflict, not the resource that has the conflict.
Proposal 5: Expected-conflict indication is transmitted on PSFCH resources not used for feedback in PSFCH symbols using the existing PSFCH sequence.
Proposal 6: Conflict indicators are applicable to transmissions with and without feedback.
Proposal 7: UE-A determines the necessity of transmitting an expected-conflict indication based on the RSRP and, if available, location information of the reservations causing the conflict.
Proposal 8: UE-A determines which UE to transmit the conflict indicator to based on priorities and arrival time of reservations.
Proposal 9: Support scheme 1 indicating preferred set of resources only for unicast communications between UE-B and UE-A.
Proposal 10: For scheme 1 indicating the set of preferred resources, a UE B requests for receiving inter-UE coordination information from UE A during their PC5 link setup via PC5 RRC signaling.
Proposal 11: Support inter-UE coordination under scheme 1 with Rx-only sensing with the following additional enhancements:
Proposal 12: For indicating the set of preferred resources, RAN1 should define a new SCI-2 format.
Proposal 13: Under scheme 1 with preferred set of resources, the support of Option B, i.e., solely relying on the inter-UE coordination information from a UE A, is not based on a UE capability.
Proposal 14: MAC-CE is used for indicating the non-preferred resource set to accommodate the needed payload size.
Proposal 15: The MAC-CE containing the set of non-preferred resources is either multiplexed with other SL-SCH when available or transmitted in a slot without other sidelink transmissions.
Proposal 16: Completing resource selection is a trigger condition for transmitting non-preferred resource coordination information, which comprises indicating resources for a selected but not reserved initial transmission.
Proposal 17: Transmission of a TB is a trigger condition for transmitting non-preferred resource coordination information, which comprises indicating resources for reservations that UE-A intends to receive.
Proposal 18: Each entry in the set of non-preferred resources should include the time allocation, the frequency allocation, and periodicity of the reservation as well as the slot where the reservation was originally made.
Proposal 19: UE-A does not UE-A form the set of non-preferred resources as reservations from other interferers with RSRP larger than a threshold
Proposal 20: UE-A forms the set of non-preferred resources as reservations from intended transmitters, i.e. reservations that UE-A intends to receive, with RSRP lower than a threshold.
Proposal 21: UE-B excludes in its resource (re-)selection, resource(s) overlapping with the non-preferred resource set, where
1. The overlap is in time and frequency domain if the measured RSRP on the transmission carrying the MAC CE containing the set of non-preferred resource is larger than a threshold
2. The overlap is in time domain if the measured RSRP on the transmission carrying the MAC CE containing the set of non-preferred resource is larger than another, higher threshold
Proposal 22: The non-preferred resource set:
1. indicates resources for a selected but not reserved initial transmission.
2. includes reservations from intended transmitters for periodic traffic; using MAC CE multiplexed with other SL-SCH transmissions.
Proposal 23: Scheme 1 with preferred-resource indication, Scheme 1 with non-preferred resource indication, and Scheme 2 can be independently enabled or disabled by resource pool (pre-)configuration.
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Appendix A: Simulation Assumption for V2X

Table 3: 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 4: 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 5: 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
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 (Rel-16) 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 12: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. 
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