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1. Introduction
At RAN1#96, the resource allocation mechanism related agreements are shown as follows,
Agreements:
· Blind retransmissions of a TB are supported for SL by NR-V2X
Agreements:
· NR V2X Mode-2 supports reservation of sidelink resources at least for blind retransmission of a TB
· Whether reservation is supported for initial transmission of a TB is to be discussed in the WI phase
· Whether reservation is supported for potential retransmissions based on HARQ feedback is for the WI phase

In RAN1#96bis, the following agreements were made:
Agreements:
· NR V2X supports an initial transmission of a TB without reservation, based on sensing and resource selection procedure
· NR V2X supports reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB, based on sensing and resource selection procedure
· This functionality can be enabled/disabled by (pre-)configuration

In RAN1#97, the following agreements were made:
Agreements:
· RAN1 to further select between the following options of sidelink resource reservation for blind retransmissions:
· Option 1: A transmission can reserve resources for none, one, or more than one blind retransmission
· Option 2: A transmission can reserve resource for none or one blind retransmission

In RAN1#98 and RAN1#98bis, the following agreements were made:
Agreements:
· At least for mode 2, The maximum number of SL resources NMAX reserved by one transmission including current transmission is [2 or 3 or 4]
· Aim to select the particular number in RAN1#98
· NMAX is the same regardless of whether HARQ feedback is enabled or disabled
Agreements:
· Maximum number of HARQ (re-)transmissions is (pre-)configured per priority per CBR range per transmission resource pool	
· The priority is the one signaled in SCI
· This includes both blind and feedback-based HARQ (re)-transmission
· The value range is any value from 1 to 32
· If the HARQ (re)transmissions for a TB can have a mixed blind and feedback-based approached (FFS whether or not to support this case), the counter applies to the combined total
Agreements:
· The resource (re-)selection procedure includes the following steps
· Step 1: Identification of candidate resources within the resource selection window
· FFS details
· Step 2: Resource selection for (re-)transmission(s) from the identified candidate resources
· FFS details
· 
In RAN1#100e, the following agreements were made:
Agreements:
· In Step 2, a UE ensures a minimum time gap Z = a + b between any two selected resources of a TB where a HARQ feedback for the first of these resources is expected 
· ‘a’ is a time gap between the end of the last symbol of the PSSCH transmission of the first resource and the start of the first symbol of the corresponding PSFCH reception determined by resource pool configuration and higher layer parameters of MinTimeGapPSFCH and periodPSFCHresource
· ‘b’ is a time required for PSFCH reception and processing plus sidelink retransmission preparation including multiplexing of necessary physical channels and any TX-RX/RX-TX switching time and is determined by UE implementation
According to the agreements made in the previous meetings, resource allocation mode 2 includes resource exclusion and resource selection from candidate resources. In release 16 mode 2 sidelink, resource exclusion is based on the transmitter’s sensing results. After resource selection, the transmitter indicates reserved resources in the PSCCH. The reserved resources are used for transmission and retransmission. To guarantee the reliability, one TB transmission can reserve several resources for retransmission. If other transmitter receives the transmission and decodes the reservation information in PSCCH, it will exclude these reserved resources when resource selection. In this contribution, we discuss the collision and the enhancements on resource reservation in mode 2.
2. Resource Collisions in Mode 2
As mentioned in the introduction, the reservation-based transmission reserves several resources for initial transmission and retransmission. As shown in the Figure, a reservation can reserve the resources used for initial transmission and other retransmission resources. The retransmission can be either blind or HARQ-based retransmission. In this section, we will discuss collisions in reservation-based resource allocation. 
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2.1. Reservation of Resources for Retransmission 
There are two types of retransmissions, blind and HARQ-based retransmission. The blind retransmission reserves several resources to transmit duplicate packets. In order to ensure reliability without the feedback information, the transmitter should fully use the reserved resources. Hence the reserved resources for blind retransmission will have no chance to be reused by other transmitters. For the HARQ-based retransmission, one TB reserves several resources for retransmission. When the transmitter receives the NACK, it will utilize reserved resources to perform retransmissions until the reception of ACK or without the NACK reception in corresponding feedback resources. When the transmitter receives the ACK or receives no NACK in the feedback channel, it will consider it a successful transmission. On the other hand, the HARQ-based retransmission has another resource selection constraint. The time gap between initial transmission and retransmission should be large enough for feedback transmission and processing. As a result, HARQ-based retransmission may have higher transmission latency than blind retransmission.
2.2. Collided Retransmission Resources for Unicast
When the transmitter selects the resources for initial transmission and retransmissions, it indicates the reserved resources in the 1st stage SCI in the PSCCH. The other sensing UEs blindly decode the PSCCH and exclude resources indicated in the decoded PSCCH. However, due to the hidden node problem, some UEs close to the receiver but failed to detect the resource reservation indicated by the transmitter. These UEs may select the overlapping resources used by the transmitter, and then cause interferences to the receiver. Since the resources reserved by the transmitter are selected based on the transmitter’s sensing result, some resources may not be idle for the receiver.
Observation 1: The resource allocation mode 2 suffers from the hidden node problem since resource exclusion is based on the transmitter’s sensing results.
Proposal 1: Sensing results from the receiver should be considered in resource allocation mode 2 to reduce hidden node problem.
2.3. Collided Retransmission Resources for Groupcast
For groupcast scenario, the reserved resources are not always idle for all groupcast receivers. Compared with the unicast, the probability of selecting collided resources is higher because all groupcast members have hidden node problems. The number of hidden nodes for groupcast is more than unicast. If any groupcast member fails to decode the packet, retransmission requires more resources. Since more resources are used to retransmission, channel congestion may happen. The congested channel status leads to more collisions and decrease the performance of retransmission.  Considering the drawback of collided resources, NR V2X should support the release of reserved resources when it is detected.
Observation 2: The reserved resources are not always idle for all groupcast receivers, and collisions may happen.
Observation 3: Additional retransmission resources may lead to channel congestion and increase the collision probability.
Proposal 2: NR V2X supports the release of reserved resources when the collision is detected.
2.4. Collided Periodic Resources
In resource allocation mode 2, the transmitter can indicate a period in PSCCH to reserve future transmission resources. Release 16 sidelink supports various period values from 0 to 1000 ms. When two transmitter use periodic transmission, two types of collisions may happen as shown in the figure. When two transmitter select overlapping resources with different transmission period, aperiodic collisions happen. In this case, part of reserved resources are collided. To reduce the collisions, the receiver can indicate the collided part to the transmitter to trigger partial resource reselection or quit the collided retransmissions. When two transmitter select overlapping resources with same transmission period, periodic collisions happen. In this case, periodic collisions cause a continuous transmission failure. The receiver with lower priority should indicate the transmitter to trigger the resource reselection.    
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Observation 4: For periodic transmissions, periodic and aperiodic collisions may happen.
Observation 5: The periodic collisions cause a continuous transmission failure.
Proposal 3: The receiver should indicate the aperiodic collisions to the transmitter to trigger partial resource reselection or quit the collided retransmission.
Proposal 4: The receiver with lower priority should indicate the periodic collisions to the transmitter to trigger the resource reselection.

3. Collided Resources Reduction
Collided resources reduction includes two directions, before resource selection and after resource selection. Before the resource selection, the resource selection procedure requires the receiver’s sensing result to avoid selecting collided resources. The receiver sends the sensing results or candidate resource set to the transmitter before the resource selection. However, sharing the sensing results or candidate resource set to the transmitter could generate significant overhead to the sidelink transmission, especially for groupcast scenario. On the other hand, stop using the collided resources and reselect resources is a method to reduce collision after resource reselection. The transmitter requires an indication from the receiver to trigger the resource reselection or release collided resources.
Observation 6: Sensing results and candidate resource set exchange between transmitter and receivers lead to significant overhead, especially for groupcast scenario.
Observation 7: The transmitter requires an indication from the receiver to trigger the resource reselection or release collided resources.
3.1. Indication of Collided Retransmission Resources
Collision indication from the receivers is required to avoid the collided reservations. After the initial transmission, the receivers decode the SCI to get the information of reserved retransmission resources. When the reserved resources collide with other transmissions, the receiver should send an indication to the transmitter. For the blind retransmission, there is no feedback sent from the receiver. The receiver has to select other resources (PSSCH) to report the collisions. For the HARQ-based retransmission, the receiver can send collision indication to the transmitter with the feedback channel (PSFCH) with little overhead.

Observation 8: For the HARQ-based retransmission, the receiver can send the collision indication through PSFCH. For blind retransmission, the receiver sends the collision indication through PSSCH.
For the unicast scenario, collision indication through PSSCH requires another transmission resources. In this case, if the receiver does not intend to transmit, it needs to select the resources to report the collision indications. The collision report may waste many transmission resources. If the receivers send the collision indication through the PSFCH, no additional resources are needed. Compared with PSSCH, indication sent through PSFCH has higher efficiency. For the groupcast scenario, all receivers report the collisions through PSSCH consume large number of resources. It is not scalable for each receiver to select independent resources to report the indication. On the other hand, the shared PSFCH can be used to indicate the collided resources commonly. By sharing the feedback to all receivers, the transmitter can use the reserved resources only if no collision indication on the shared feedback channel.
Observation 9: Reporting the collided resources on the PSFCH is more scalable than reporting on the PSSCH.
Proposal 5: The receivers send collision indication on the PSFCH for groupcast scenario.
3.2. Collision Reduction Simulation Results
Following figure shows that the benefit of collision reduction with the receiver sending collision indication to the transmitter. The simulation results show that the longer Tx-Rx distance, the higher collision ratio. This is because the number of hidden nodes increases as the Tx-Rx distance increase. With the collision indication from the receiver, the transmitter can avoid using collided resources and collisions can be reduced. Compared with mode 2 without collision indication, with collision indication reduces 45% collisions caused by hidden node problems in all transmission distance.
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Observation 10: Collision indication from the receiver helps to reduce the 45% collisions caused by hidden node problems.
4.	Conclusion
In this contribution, the discussion and analysis yields the following observations and proposals:
Observation 1: The resource allocation mode 2 suffers from the hidden node problem since resource exclusion is based on the transmitter’s sensing results.
Proposal 1: Sensing results from the receiver should be considered in resource allocation mode 2 to reduce hidden node problem.
Observation 2: The reserved resources are not always idle for all groupcast receivers, and collisions may happen.
Observation 3: Additional retransmission resources may lead to channel congestion and increase the collision probability.
Proposal 2: NR V2X supports the release of reserved resources when the collision is detected.
Observation 4: For periodic transmissions, periodic and aperiodic collisions may happen.
Observation 5: The periodic collisions cause a continuous transmission failure.
Proposal 3: The receiver should indicate the aperiodic collisions to the transmitter to trigger partial resource reselection or quit the collided retransmission.
Proposal 4: The receiver with lower priority should indicate the periodic collisions to the transmitter to trigger the resource reselection.
Observation 6: Sensing results and candidate resource set exchange between transmitter and receivers lead to significant overhead, especially for groupcast scenario.
Observation 7: The transmitter requires an indication from the receiver to trigger the resource reselection or release collided resources.
Observation 8: For the HARQ-based retransmission, the receiver can send the collision indication through PSFCH. For blind retransmission, the receiver sends the collision indication through PSSCH.
Observation 9: Reporting the collided resources on the PSFCH is more scalable than reporting on the PSSCH.
Proposal 5: The receivers send collision indication on the PSFCH for groupcast scenario.
Observation 10: Collision indication from the receiver helps to reduce the 45% collisions caused by hidden node problems.
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