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Sensing based resource selection methods for NR-V2X sidelink communication were discussed in RAN1#94, RAN1#94b, RAN1#95, RAN1#Adhoc 1901, and RAN1#96 meetings, and the following related agreements were made: 

RAN1#94b
Agreements:
Continue studying NR sidelink resource allocation techniques by NR Uu for mode-1:
· Dynamic resource allocation
· Semi-persistent scheduling allocation or NR grant type-2 (activation/de-activation by physical layer signaling)
· Grant free transmission i.e., configured NR grant type-1
Agreements:
· Sidelink sensing and resource selection procedures are studied for Mode-2(a)
· The following techniques are studied to identify occupied sidelink resources
· decoding of sidelink control channel transmissions
· sidelink measurements
· detection of sidelink transmissions
· other options are not precluded, including combination of the above options
· The following aspects are studied for sidelink resource selection
· how a UE selects resource for PSCCH and PSSCH transmission (or other sidelink physical channel/signal, if it is introduced)
· which information is used by UE for resource selection procedure

RAN1#95
Agreements:
· Sensing procedure is defined as SCI decoding from other UEs and/or sidelink measurements
· FFS information extracted from SCI decoding
· FFS sidelink measurements used
· FFS UE behavior and timescale of sensing procedure
· Note: It is up to further discussion whether SFCI is to be used in sensing procedure
· Note: Sensing procedure can be discussed in the context of other modes
· Resource (re)-selection procedure uses results of sensing procedure to determine resource(s) for sidelink transmission
· FFS timescale and conditions for resource selection or re-selection
· FFS resource selection / re-selection details for PSCCH and PSSCH transmissions
· FFS details for PSFCH (e.g. whether resource (re)-selection procedure based on sensing is used or there is a dependency/association b/w PSCCH/PSSCH and PSFCH resource)
· FFS impact of sidelink QoS attributes on resource selection / re-selection procedure
· For Mode-2(a), the following schemes for resource selection are evaluated, including
· Semi-persistent scheme: resource(s) are selected for multiple transmissions of different TBs 
· Dynamic scheme: resource(s) are selected for each TB transmission



RAN1#Adhoc 1901
Agreements:
Mode-2 supports the sensing and resource (re)-selection procedures according to the previously agreed definitions. 
· FFS resource granularity for sensing & resource (re)-selection, e.g., PRB(s), slots, resource patterns (when applicable), etc.
· FFS detailed conditions when these procedures can apply
Agreements:
· Sub-channel based resource allocation is supported for PSSCH
· FFS details for sub-channels
· FFS other use cases for sub-channel (e.g., measurement, interaction with PSCCH, etc.)
Agreements:
SCI decoding applied during sensing procedure provides at least information on sidelink resources indicated by the UE transmitting the SCI 


RAN1#96
Agreements:
· Blind retransmissions of a TB are supported for SL by NR-V2X
· Details are for the WI phase

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


The details design on the sensing and resource selection procedures will be discussed in the WI [1]. In this contribution, we give our views on the sensing based resource selection methods including resource reservation and release scheme. Considering the stringent requirements of advanced V2X services [2-5], we present some potential solutions based on sensing and reservation mechanisms. 

[bookmark: _Ref129681832]Reservation and releasing schemes
Reservation of resource for retransmission(s)
The resource reservation information can be beneficial to improve reliability of sidelink transmission. As shown in Fig. 1, the SCI (sidelink control information) can include the information on the reserved resource for possible retransmission(s).
When the sending UE selects the resource for its initial transmission, it could select the resource for retransmission as well. This reservation scheme could reduce the latency when the retransmission is required for satisfying the high reliability. The reason is no sensing procedure is required for selecting the resource of retransmission via pre-reservation. 
[image: ]
Fig. 1 Resource reservation for retransmission(s)

For periodic V2X traffic, the reservation is also feasible for the next data expected to arrive at the buffer periodically. It is beneficial to reduce the latency as well.

Proposal 1: NR V2X sidelink resource allocation supports reservation of resources for retransmission(s). 

Scheme of releasing the reserved resource 
When a TB transmission is successful decoded by the receiving UE(s), it is no need for additional retransmissions/repetitions. For this scenario, any resources that have previously been reserved should be released. The released resource could be used by other UEs. 
Furthermore, the scheme to release/update the reserved resource should be studied considering the following scenarios as well:
· For periodic traffic, V2X UE normally reserves resources at every transmission for the next data. Based on sensing, the UE excludes the resource reserved by others. When there are no actual data for transmission, the reserved resource may be wasted if it cannot be used by other UEs.
· For mode 2c, the UEs are pre-configured with TFRP patterns. When there are no actual data transmission, the pre-configured resource needs to be released in this scenario as well.
 
Proposal 2: The method to release the reserved resource needs to be studied when there are no data transmission from the UE that reserved the resource. 

Sensing scheme for resource selection
Sensing is used to obtain the information of identifying the resources that will be occupied and/or collided by the other UEs. In Mode-2, UE is expected to decode sidelink control (PSCCH) and operate sidelink measurements to identify occupied resources as well as the priority information or generalized the QoS targets of the traffics from other UEs. For resource selection, UE utilizes the sensing results and its own traffic parameters (e.g. QoS) and assistance information from other UEs. UE identifies the resource occupied by other UEs by SA decoding and measurements, and randomly selects the resource after excluding the identified occupied resource and considering the priority information.
Basic consideration of sensing
It was agreed “SCI decoding applied during sensing procedure provides at least information on sidelink resources indicated by the UE transmitting the SCI”.  With more details, we think SCI decoding can provide information on the occupied sidelink transmission resources, including resources for initial transmission, retransmissions related reserved resources. For example, the resource for retransmission(s) could be reserved by the sending UE. This information should be notified by other UEs via SCI decoding as well. 
Besides the occupied sidelink resources, UE operates resource selection by extracting the information of the sidelink transmission priority and/or the QoS target/level of the sidelink transmission.

Proposal 3: SCI decoding in sensing procedure is used to extract information on
· sidelink resources occupied by other UEs including initial transmission, reserved for retransmission(s);
· QoS level of the sidelink transmission e.g. priority and/or reliability.

For the reserved resource used for possible retransmission(s), it will not actually used by the sending UE if its initial transmission has been successfully decoded by the receiving UE(s). In this case, this reserved resource should be released for other UEs using. The sending UE can include the information on its SCI to indicate the using or un-using the reserved resource. The other UEs can operate sensing before using the released resource to avoid collision. It is also possible the other UEs notify the using or un-using of the reserved resource by monitoring the ACK/NACK of the sending UE. If the feedback to the sending UE is ACK, the other UEs can start to use the reserved resource. It means the UE needs to decoding　both the SCI and SFCI (sidelink feedback control information) during the sensing procedure for its resource selection. 
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Proposal 4: SFCI should be used in the sensing procedure for resource selection. 
Proposal 5: HARQ ACK/NACK feedback should be used for the sending UE to use or release the reserved resource. 

Long-term and short-term sensing mechanism
In order to properly handle periodic and aperiodic traffic, the large and small-scale sensing procedures should be considered, in which the long-term and short-term sensing period can be configured for sensing. In order to guarantee available resources for a critical V2X packet, a short-term sensing can be applied to avoid collision when multiple UEs compete for resources. For the short-term sensing, the UE can be configured with a short backoff time for sensing. For periodic packets, it applies the long-term sensing based resource selection mechanism. 
The short-term sensing is beneficial for aperiodic traffic to transmit with low latency. The long-term sensing will reduce the collision probability for periodic traffic transmission. 

Proposal 6: Long-term sensing and short-term sensing schemes can be used for periodic and aperiodic traffic, respectively. 
 
UE report for resource usage status
For mode 2d, the following agreements were made:
RAN1#96
Agreements:
In the context of Mode-2(d), NR V2X supports the following functionality:
· A UE informs gNB about group members and gNB provides individual resource pool configuration and/or individual resource configuration through the same UE to each group member UE within the same group. It does not require connection between member UE and gNB
· The UE cannot modify the configuration provided by gNB
· Higher layer signaling is to be used to provide the configuration. No physical layer signaling is used
· FFS if one or both options are supported (i.e. resource pool configuration(s) or resource configuration)
· FFS which functionality defined as a part of Mode-2 is applicable for this feature
· This functionality is up to UE capability(ies)



For mode 2d, the scheduling UE will coordinate the resource allocation for its associated member UEs. The member UEs could be configured with one resource pool. The associated member UEs then operate sensing procedure for resource selection from this notified resource pool. The scheduling UE will monitor the usage status of the assigned resource pool. If the required resource from the associated member UEs is larger than its configured resource pool because of the changing of the number of member UEs or the unpredictable size of aperiodic traffic, the scheduling UE may report this usage status to the eNB to obtain a new larger resource pool of resource for in coverage scenario. For out of coverage scenario, the scheduling UE may need to indicate some of its member UEs to switch from mode 2d to other modes in this scenario.
 
Proposal 7: NR V2X sidelink should introduce a UE reporting mechanism for the resource usage status based on sensing. The eNB can re-configure the resource pool according to the report information. 

Conclusions
In this contribution, reservation and sensing based resource selection mechanisms for NR-V2X resource allocation considering the stringent requirements on reliability and latency are discussed. The following proposals are made:
Proposal 1: NR V2X sidelink resource allocation supports reservation of resources for retransmission(s). 
Proposal 2: The method to release the reserved resource needs to be studied when there are no data transmission from the UE that reserved the resource. 
Proposal 3: SCI decoding in sensing procedure is used to extract information on
· sidelink resources occupied by other UEs including initial transmission, reserved for retransmission(s);
· QoS level of the sidelink transmission e.g. priority and/or reliability.
Proposal 4: SFCI should be used in the sensing procedure for resource selection. 
Proposal 5: HARQ ACK/NACK feedback should be used for the sending UE to use or release the reserved resource. 
Proposal 6: Long-term sensing and short-term sensing schemes can be used for periodic and aperiodic traffic, respectively. 
Proposal 7: NR V2X sidelink should introduce a UE reporting mechanism for the resource usage status based on sensing. The eNB can re-configure the resource pool according to the report information. 
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