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In RAN1 #97, the following has been agreed as the progress for Mode 2 resource allocation.
Agreements:
· NR V2X Mode-2 supports resource reservation for feedback-based PSSCH retransmissions by signaling associated with a prior transmission of the same TB
· FFS impact on subsequent sensing and resource selection procedures
· At least from the transmitter perspective of this TB, usage of HARQ feedback for release of unused resource(s) is supported
· No additional signaling is defined for the purpose of release of unused resources by the transmitting UE
· FFS the behavior of the receiver UE(s) of this TB and other UEs
Conclusion:
· RAN1 to discuss further the following
· Maximum number of blind retransmissions supported for one TB
· Maximum number of reserved blind retransmission
· Maximum number of HARQ feedback-based retransmissions supported for one TB
· Maximum number of reserved HARQ feedback-based retransmission 
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
Agreements:
· Resource selection window is defined as a time interval where a UE selects sidelink resources for transmission
· The resource selection window starts T1 ≥ 0 after a resource (re-)selection trigger and is bounded by at least a remaining packet delay budget
· FFS T1 value, whether it is measured in slots, symbols, ms, etc.
· FFS other conditions
Agreements:
· Support a sub-channel as the minimum granularity in frequency domain for the sensing for PSSCH resource selection
· No additional sensing for other channels

In this contribution, we propose detailed NR sidelink resource allocation schemes for mode 2.
Discussion
We discuss the sensing procedure in Section 2.1, the resource allocation scheme for periodic traffic aperiodic traffic in Section 2.2. In Section 2.3 and section 2.4, we discuss the resource reservation for initial transmission and retransmissions, respectively. Finally, in section 2.5, pre-emption mechanism to achieve different data QoS requirements is described. 
Sensing
A mode 2 UE uses the sensing and resource selection procedure to determine the resources for its sidelink transmission. It was agreed in [1] that subchannel is the minimum granularity in frequency domain for sensing for PSSCH resource selection. The resource granularity for sensing and resource selection has not been determined. Also, it was agreed in [2] that regarding PSSCH operation, a UE performs either transmission or reception in a slot on a carrier. Hence, the resource granularity for sensing can be in terms of slots in time domain.
Proposal 1: For mode 2 UE sensing, the minimum granularity in time domain is one slot. 

Sensing procedure is defined as SCI decoding and/or sidelink measurements. It was agreed [2] that for mode 2 sensing, if the SCI is decoded, then the L1 sidelink RSRP is measured based on sidelink DMRS. In LTE V2X, the measured PSSCH-RSRP is used in the resource selection procedure to justify whether a resource reserved in the associated SCI is excluded. In our view, the same sidelink measurement, i.e., PSSCH-RSRP, can be used in the resource selection procedure.
Proposal 2: If SCI is decoded, the associated PSSCH-RSRP is used in determining whether the resource reservation in the SCI is applied.

If SCI is not decoded, it is still possible to measure sidelink RSRP based on sidelink DMRS. However, since multiple DMRS patterns in time domain are supported for PSSCH, the blind DMRS detection may be needed for sidelink RSRP measurement. This complicates the sensing procedure. Furthermore, no resource reservation information is obtained since the associated SCI is not decoded. This implies the measured sidelink RSRP is of no use. 
In LTE V2X, sidelink RSSI is measured in sensing procedure. The sidelink RSSI averaged over a sensing window is used to rank the candidate resources for reporting to higher layers. The sidelink RSSI measurement is independent of SCI decoding. In our view, the sidelink RSSI can be measured and used for candidate resource ranking and reporting purpose for NR V2X. 
Proposal 3: The sidelink RSSI is measured and used in the resource selection procedure for mode 2. 

In LTE V2X, the sensing window does not exceed 1 second. In our view, the sensing window size can be flexible or configurable in NR V2X. The configuration of sensing window size can depend on data QoS. For example, for sidelink data with high reliability requirements, the sensing window size is larger such that the selected resource has lower collision possibility. 
Proposal 4: The sensing window size is configurable and depends on data QoS.

Resource allocation for periodic and aperiodic traffic
In mode 2, a UE performs autonomous resource selection based on sensing as in LTE V2X mode 4. In LTE V2X mode 4 operation, collisions between UEs autonomous resource reservation are partially avoided by announcing a semi-persistent resource reservation information in the SCI. This mechanism is efficient to reduce collisions for the periodic traffic. Such a resource reservation mechanism should also be a baseline for the semi-persistent scheme of mode 2 for NR V2X periodic traffic. Similarly, the SCI used in mode 2 should at least indicate the reserved resource(s) and its associated periodicity and duration in the future. 
As in LTE, a NR UE can decode SCI transmissions during sensing to determine whether the resources reserved by other UEs during its resource selection procedure. 
Proposal 5: UE includes a semi-persistent reservation indication in SCI when reserving resources for periodic traffic.

LTE V2X sensing and resource allocation scheme is designed mainly for periodic traffic. NR V2X, however, is required to support both periodic and aperiodic traffic and the aperiodic traffic has stringent reliability requirements. Therefore, several new sensing schemes, in which the UE monitor the channel after resource allocation triggering, are presented to handle NR V2X aperiodic traffic, e.g. to reduce the collisions for aperiodic traffic. In our view, there are two main approaches: LBT-based and reservation-based sensing. Those two approaches can be considered as short-term sensing schemes.
The long-term sensing scheme used in LTE V2X, in which the UE monitors the channel before resource allocation triggering is beneficial to determine the semi-persistent resource reservation information for periodic traffic in NR V2X. Therefore, resource selection scheme used for aperiodic traffic should consider both long-term sensing and short term sensing results. Specifically, when a resource pool is shared by both periodic traffic and aperiodic traffic, a UE can perform an LBT-based or reservation-based short-term sensing and LTE V2X long-term sensing to select the resource for aperiodic traffic.
Proposal 6: Aperiodic traffic resource selection should take both long-term and short-term sensing results into account.

Resource reservation for initial transmission
In this approach, a UE transmits one or more reservation message before a control and data transmission. The UE uses the reservation message to notify other UEs about its intention to use the indicated transmission resource in the future. The reservation message should contain at least the following parameters:
· Time-frequency location of the control and data
· QoS characteristics of the data
The UE can separately select data transmission resource and reservation message transmission resource. The resource selection window for reservation message should be ahead of the resource selection window for data. 
The reservation message could be transmitted more than once to address the half-duplex issue. The number of repeated transmissions of the reservation message can be determined by congestion level and data QoS requirement, e.g., reliability. Furthermore, the LBT-based scheme could be applied on the reservation message transmission to avoid collision. 
After the reservation message transmission, a UE should monitor the potential resource reservation messages transmitted by other UEs. In case of a possible collision on its reserved data resource, the UE can determine whether it should cancel its planned transmission and perform resource re-selection for the subsequent data transmission, based on the QoS information of both its own transmission and the colliding transmission. For example, if the priority of the detected reservation message is higher than that of the subsequent data transmission, the UE will perform resource re-selection. 
The LBT-based scheme for dynamic resource selection has been proposed in the past RAN1 meetings. The LBT-based scheme is primarily designed for an asynchronous system in which transmission times of devices are not aligned. This scheme allows one UE to sense the ongoing transmission of other UEs and delay its own transmission to avoid resource collision. However, in NR V2X system, it is expected that transmission times of all UEs occur at the beginning of a slot. Therefore, it is difficult to avoid a collision if multiple UEs select the same idle resource and perform transmissions. Moreover, the collision cannot be avoided if a fixed clear channel access time is used for all data QoS, which implies the data QoS cannot be guaranteed. 
On the other hand, supporting resource reservation message before the initial transmission of a TB may help to reduce the collision. Suppose two UEs select the same available resource and send the resource reservation message before their data transmissions. After decoding each other’s resource reservation message, the UE with lower priority data stops the data transmissions on its selected resource. Hence, the collision can be avoided and the data QoS can be guaranteed. 
Proposal 7: RAN1 supports the transmission of resource reservation message(s) before the initial transmission of a TB.

The resource reservation message should be sent a few slots before the PSSCH data transmission. This message can be delivered in PSCCH. There are 4 options of multiplexing PSCCH and PSSCH, where Option 3 is adopted as working assumption. Among these 4 options, only Option 1A and Option 1B support that PSCCH is slots ahead PSSCH. Option 1A increases the blind decoding complexity as discussed in our companion contribution [3]. Furthermore, it was recently concluded from RAN4 [4] that a transient period is needed during the switch between PSCCH and PSSCH for Option 1B. This introduces an additional overhead for this option.
One way to deliver the reservation message is on a standalone PSCCH. Each standalone PSCCH occupies small frequency resource (e.g., a single PRB). The resources for standalone PSCCH are FDM-ed with the resources for PSCCH/PSSCH. It is possible that the resources for standalone PSCCH are multiplexed with long PSFCH if supported for high resource usage efficiency [3]. Since a standalone PSCCH transmission is not accompanied by a PSSCH transmission, the resource reservation information contained in the standalone PSCCH can be adopted based on the PSCCH-RSRP measurement. 
Standalone PSCCH can be used to reserve for initial transmission of any TB. However, in some cases, the reservation can be delivered by the SCI associated with the transmission of another TB. For example, when burst traffic arrives and the UE needs to perform resource selection for multiple TBs, the resource reservation message for a second TB can be contained in an SCI which is associated with a first TB, in case the reserved resource for the first TB is ahead of the resource for the second TB to be reserved. For this scenario, the UE may not need to transmit standalone PSCCH. 
Proposal 8: Support standalone PSCCH for reserving resources for the initial transmission of a TB. Support PSCCH associated with a TB to dynamically reserves the resources of the initial transmission of a different TB. 

Resource reservation for retransmissions

It was agreed [2] that at least for blind retransmission of a TB, the reservation of sidelink resources is supported. A simple way to reserve the sidelink resources for blind retransmission is via the SCI of the initial transmission of a TB. This scheme has already been used in LTE V2X. In our view, the similar scheme can be used for NR V2X. 
Proposal 9: For blind retransmission, the resource reservation for blind retransmission is signaled in the SCI for the initial transmission of a TB. 

It was agreed [1] that resource reservation for feedback-based PSSCH retransmission is supported. However, in most cases (e.g., 90% HARQ ACK is received) the reserved resource is not used by the Tx UE which may result in resource wastage. Therefore, it is necessary to restrict the usage of resource reservation for feedback-based PSSCH in a certain scenario and to allow feedback-based PSSCH retransmission without resource reservation in other scenarios.
Proposal 10: Feedback-based PSSCH retransmissions is also supported without resource reservation from the prior transmission of the same TB.

When feedback-based PSSCH transmission without reservation from the prior transmission of the same TB is supported, the resources for retransmission is selected only if HARQ NACK is received. This approach does not pre-reserve resources which may not be used. The resource allocation procedure for retransmission can simply follow the resource allocation procedure for initial transmission. The second way is appropriate from the resource-efficient usage viewpoint. 
Proposal 11: For PSSCH retransmission based on HARQ feedback, the retransmission follows the same resource allocation procedure as the initial transmission.

It is expected that the reserved PSSCH retransmission resource based on HARQ feedback can be used by the Tx UE regardless of HARQ feedback status. Specifically, if HARQ NACK is received, the resource can be used for retransmission. Alternatively, if HARQ ACK is received, the Tx UE can use it for transmission of another TB. However, in most cases, e.g., 90%, HARQ ACK is received. Therefore, it is necessary to allow the UE reserving the PSSCH resource for retransmission only if it has available data in its buffer for transmission of another TB. This restriction may help to reduce the case that the reserved resource is not used.
Proposal 12: For feedback based PSSCH retransmission, whether or not reserving the resources for retransmission in the initial transmission depends on buffer status.

Support of pre-emption
NR V2X supports transmission of traffic with very low latency (down to 3ms) and high reliability (up to 99.999%). In NR Uu, the network may use pre-emption to transmit data of a lower latency and/or higher priority to a UE. The gNB overrides downlink data transmitted to a specific UE and indicates afterwards to the victim UE that the received data should be flushed.
In NR V2X pre-emption may also be used to enforce high priority traffic. One possible option is to allow UEs to pre-empt other on-going UE transmissions of lower priority. For example, the high-priority traffic UE could transmit an indication to a lower-priority UE with resource reserved to stop transmission (e.g. for one period) and then use that resource for transmission of its high priority data. For example, pre-emption of both periodic and aperiodic transmissions can be achieved using the resource reservation message itself. 
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Conclusion
In this contribution, we made the following observations and conclusions on resource allocation for NR V2X:
Proposal 1: For mode 2 UE sensing, the minimum granularity in time domain is one slot. 
Proposal 2: If SCI is decoded, the associated PSSCH-RSRP is used in determining whether the resource reservation in the SCI is applied.
Proposal 3: The sidelink RSSI is measured and used in the resource selection procedure for mode 2. 
Proposal 4: The sensing window size is configurable and depends on data QoS.
Proposal 5: UE includes a semi-persistent reservation indication in SCI when reserving resources for periodic traffic.
Proposal 6: Aperiodic traffic resource selection should take both long-term and short-term sensing results into account.
Proposal 7: RAN1 supports the transmission of resource reservation message(s) before the initial transmission of a TB.
Proposal 8: Support standalone PSCCH for reserving resources for the initial transmission of a TB. Support PSCCH associated with a TB to dynamically reserves the resources of the initial transmission of a different TB. 
Proposal 9: For blind retransmission, the resource reservation for blind retransmission is signaled in the SCI for the initial transmission of a TB. 
Proposal 10: Feedback-based PSSCH retransmissions is also supported without resource reservation from the prior transmission of the same TB.
Proposal 11: For PSSCH retransmission based on HARQ feedback, the retransmission follows the same resource allocation procedure as the initial transmission.
Proposal 12: For feedback based PSSCH retransmission, whether or not reserving the resources for retransmission in the initial transmission depends on buffer status.
Proposal 13: NR V2X considers the pre-emption mechanism for sidelink resource reservation. 
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