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1 Introduction
In the RAN1 #95 meeting, the following agreements were made for the resource allocation mechanism for NR V2X [1]. 

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

Agreements:

· For out of coverage operation, Mode-2(c) assumes (pre)-configuration of single or multiple sidelink transmission patterns (patterns are defined on each sidelink resource pool). 

· For in-coverage operation, Mode-2(c) assumes that gNB configuration indicates single or multiple sidelink transmission patterns (patterns are defined on each sidelink resource pool)

· FFS pattern design in time and frequency for periodic and aperiodic traffic

· If single pattern is configured to transmitting UE there is no sensing procedure executed by UE

· If multiple patterns are configured to transmitting UE there is a possibility of sensing procedure executed by UE

· Pattern is defined as follows

· Size of the resource in time and frequency

· Position(s) of the resource in time and frequency

· Number of resources

· FFS pattern selection procedure by UE

Agreements:

· For Mode-2(d) operation, further study the following potential radio-layer procedures including at least the following

· Procedures to become/serve as a scheduling UE for in-coverage and out-of-coverage scenarios

· The following options are identified for further study:

· Scheduling UE is configured by gNB

· Application layer or pre-configuration selects scheduling UE

· Receiver UE schedules transmissions of the transmitter UE during the session

· Scheduling UE is decided by multiple UEs including the one that is finally selected

· UE may autonomously decide to serve as a scheduling UE (self-nomination) / offer scheduling UE functions

Agreements:
· Initialization of Mode-2(d) operation is FFS

· For Mode-2(d) operation, further study the following potential radio-layer procedures including at least the following

· Procedure to determine a set of sidelink resources a scheduling UE can use for scheduling of other UEs

· The following options are identified:

· Based on sensing procedure by scheduling UE

· Configured by gNB if scheduling UE is in-coverage

· Pre-configured if scheduling UE is out of coverage

· Transmitting UE provides information about sidelink resources to scheduling UE

· FFS behavior/algorithm of scheduling UE 

· Behavior of scheduling UE to signal scheduling decisions for transmission/reception of other UEs

· The following options are identified:

· Physical layer signaling

· Higher layer signaling

· UE behavior to (re)-select scheduling UE(s)

· UE behavior to associate to scheduling UE(s)

· UE behavior when scheduling UE stop scheduling

· Resource management to address collision/interference and half-duplex issues b/w UEs scheduled by different scheduling UEs

· Relationship between scheduling UE and UE groups from upper layer perspective

· Whether UEs from the same upper layer group are served by the same scheduling UE

· Resources used for communication before UE is associated with a scheduling UE

· Procedures to switch between Mode-2(d) from/to other submodes 

In this contribution, we further discuss the resource allocation procedure for sub-modes of the mode 2 sidelink.
2 Discussion
2.1
Sidelink resource allocation Mode-2(a)
In our view, sensing based resource selection is beneficial to avoid resource collision in the sidelink. LTE-V2X also supports sensing based resource selection. Considering the limited TUs in the NR-V2X, it is beneficial to use existing technology as much as possible. Therefore, the design direction of Mode-2(a) resource selection should be based on LTE-V2X mode-4 resource selection. 

Proposal 1: Mode-2(a) resource allocation should be designed based on LTE Mode-4 resource allocation.
In the previous meeting, both the sensing procedure and resource (re)-selection procedure were discussed. The resource selection procedure can be divided into three parts: (1) Information gathering for resource exclusion, (2) Resource exclusion to identify candidate resources and (3) Resource selection from candidate resources.
(1) Information gathering for resource exclusion 

Similar to the Mode-4 resource allocation in LTE-V2X, both SCI decoding and sidelink measurement should be supported. SCI decoding can provide at least the time/frequency data resources that can to be used, reservation information and packet priority information. A sensing UE can use such information to identify candidate resources to be selected. For sidelink measurement, both long term and short-term measurement should be supported. Since NR-V2X should support both periodic and aperiodic traffic types, short-term measurement can be additionally used. Such short-term measurement is also beneficial for V2P communication where battery limited devices do sensing with limited power. Similar to LTE-V2X, the time scale of long-term sensing can be 1sec. The short-term sensing period can be further studied according to traffic type. 
(2) Resource exclusion to identify candidate resources

Additional enhancements on top of LTE mode-4 resource allocation can be considered. The UE precludes some resources by using information gathered from the “information gathering for resource exclusion” (1) step. The detailed resource exclusion procedure can be studied once the information gathered in resource exclusion is defined. At least packet priority, information on shared occupied resources, CBR and CR should be taken into account.
(3) Resource selection from candidate resources

Once that UE has identified candidate resources, the UE can randomly select resources for transmission.
Proposal 2: At least time/frequency data resources, reservation information and packet priority information should be extracted from SCI decoding.
Proposal 3: Both long-term and short-term sensing should be supported for sidelink measurements. Long-term sensing can use 1sec sensing period. FFS on timescale of short-term sensing.
In addition to the resource selection procedure, it is also necessary to define a resource reselection procedure. Reselection should be properly triggered so that sidelink communication quality can be maintained. In LTE-V2X, counter-based reselection was specified to avoid continuous collision in semi-persistent transmission. NR-V2X should support diverse communication such as unicast, groupcast and broadcast with periodic or aperiodic traffics, and new reselection triggering should be additionally supported. Assuming unicast communication, feedback based reselection triggering is beneficial so that a transmitter UE can reselect resources in the retransmission to improve link performance. 
Once the transmitter UE has received a trigger for reselecting resources from the receiver UE, the transmitter UE reselects transmission resources. In this case, feedback information can be considered in the reselection, such as HARQ feedback, collision detection reports by the other UE and reselection requests from the receiver UE.
Proposal 4: Feedback based resource reselection triggering should be introduced. FFS on feedback information. 
2.2
Sidelink resource allocation Mode-2(c)
According to the agreements in the last meeting, mode-2(c) resource allocation basically assumes no sensing in the sidelink and uses multiple sidelink transmission patterns. In our view, such a resource allocation scheme may cause a negative impact on system performance. Since NR-V2X should support various traffic types such as periodic, aperiodic, unicast, multicast and broadcast even in the out of coverage area, inefficient resource utilization and collisions would be a concern. Therefore, further clarification is necessary for Mode-2(c) resource allocation.

Proposal 5: Further study is necessary on the benefit of mode-2(c) resource allocation.
2.3
Sidelink resource allocation Mode-2(d)
Mode-2(d) can be considered at least in some use-cases, such as platooning, vehicle tethering (the passenger may be inside or outside the vehicle) and RSU scheduling resource for other UEs. In these scenarios, it is beneficial to have a scheduler UE that can coordinate sidelink communication resources among UEs. Regarding the scheduler UE determination, we think any scheduler UE behavior should be properly controlled by the network side. Therefore, the following options for scheduling UE determination should be supported. 
· Scheduling UE is configured by gNB
· Application layer or pre-configuration selects the scheduling UE
Proposal 6: The following options should be supported for scheduler UE determination.
· Scheduling UE is configured by gNB
· Application layer or pre-configuration selects the scheduling UE
Regarding determination of a set of sidelink resources that a scheduling UE can use for scheduling of other UEs, we think these resources should be orthogonal resources among scheduling UEs. To mitigate collision among scheduling UEs, the same resource allocation principle for normal UEs should be applied for scheduling UEs. Therefore, a sensing based approach or gNB configuration approach can be supported. 

Proposal 7: The following options should be supported for determination of a set of sidelink resources that a scheduling UE can use for scheduling of other UEs.
· Based on sensing procedure by scheduling UE

· Configured by gNB if scheduling UE is in-coverage

Regarding signalling of scheduling decisions for transmission/reception of other UEs, we think such signalling should be physical layer signalling. Since in the mode-1 resource allocation, sidelink resource is granted by the base station by using physical layer signaling, it is natural to support the same time granularity for sidelink resource allocation where the resource grant is transmitted by the scheduler UE. Therefore, physical layer signalling should be supported for transmission of scheduling decisions rather than higher layer signaling in mode 2-(d) resource allocation.
Proposal 8: Physical layer signalling should be supported for transmission of scheduling decisions for transmission/reception of other UEs in mode-2(d) allocation.
In our view, mode-2(d) can be switched to and/or from other sub-modes such as mode-2(a)/(c). At least for the purpose of making association among the scheduling UE and other UEs, the scheduling UE needs resources to communicate with other UEs. Such communication resource can be allocated before the association between a scheduling UE and UE is established. Once associations among scheduling UEs and other UEs are established, the resource allocation mode can be switched to mode-2(d). On the other hand, if associations are terminated, the resource allocation mode can be switched back to the other sub mode, such as mode-2(a)/(c).
Proposal 9: Resources used for communication before UE is associated with a scheduling UE can be allocated by another mode/sub-mode.
Proposal 10: Once associations among scheduling UE and UEs are established, the resource allocation mode can be switched to mode-2(d). On the other hand, if associations are terminated, the resource allocation mode can be switched back to the other sub mode such as mode-2(a)/(c).
3 Summary
In this contribution, the following proposals are made:
Proposal 1: Mode-2(a) resource allocation should be designed based on LTE Mode-4 resource allocation.
Proposal 2: At least time/frequency data resources, reservation information and packet priority information should be extracted from SCI decoding.

Proposal 3: Both long-term and short-term sensing should be supported for sidelink measurements. Long-term sensing can use 1sec sensing period. FFS on timescale of short-term sensing.
Proposal 4: Feedback based resource reselection triggering should be introduced. FFS on feedback information. 
Proposal 5: Further study is necessary on the benefit of mode-2(c) resource allocation.
Proposal 6: The following options should be supported for scheduler UE determination.
· Scheduling UE is configured by gNB
· Application layer or pre-configuration selects the scheduling UE
Proposal 7: The following options should be supported for determination of a set of sidelink resources that a scheduling UE can use for scheduling of other UEs.
· Based on sensing procedure by scheduling UE

· Configured by gNB if scheduling UE is in-coverage

Proposal 8: Physical layer signalling should be supported for transmission of scheduling decisions for transmission/reception of other UEs in mode-2(d) allocation.
Proposal 9: Resources used for communication before UE is associated with a scheduling UE can be allocated by another mode/sub-mode.
Proposal 10: Once associations among scheduling UE and UEs are established, the resource allocation mode can be switched to mode-2(d). On the other hand, if associations are terminated, the resource allocation mode can be switched back to the other sub mode such as mode-2(a)/(c).
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