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Introduction
In this contribution, we provide summary of major sidelink resource allocation aspects for NR-V2X sidelink communication design. Based on review of the submitted contributions [1]-[32], the following list of open aspects was identified:
Sidelink resource allocation Mode-2 and sub-modes
· Sidelink channel access and collision avoidance aspects for sidelink transmissions (control and shared channel) in case of unicast, groupcast and broadcast sidelink transmissions for periodic and aperiodic traffic
· UE behavior to select sidelink resource for PSCCH/PSSCH transmission or any new sidelink physical channel(s) / signal(s) if proposed
· Note: There is a potential overlap with another agenda item “7.2.4.1.2 Physical layer structures and procedure(s))”
Sidelink resource configuration and resource pools
· Configuration of sidelink resource pools and pool attributes
· Note: There is a potential overlap with another agenda item “7.2.4.1.2 Physical layer structures and procedure(s)”
Mode-1/Mode-2 sidelink resource sharing and mode switching
· Sidelink resource sharing between gNB-controlled and UE-autonomous resource allocation modes
· Switching aspects between gNB-controlled and UE-autonomous resource allocation modes
· Note: There is a potential overlap with another agenda item “7.2.4.3.1 Enhancements of LTE Uu and NR Uu to control NR sidelink”
Sidelink congestion control and QoS considerations
Next sections provide additional details on the sidelink resource allocation aspects identified above and suggest initial proposals for discussion/decision.

Background on Sidelink Resource Allocation Mechanisms
At the RAN1#94, the following agreements were made with respect to sidelink resource allocation mechanisms: 
	Agreements:
At least two sidelink resource allocation modes are defined for NR-V2X sidelink communication
· Mode 1: Base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s)
· Mode 2: UE determines (i.e. base station does not schedule) sidelink transmission resource(s) within sidelink resources configured by base station/network or pre-configured sidelink resources
Notes:
· eNB control of NR sidelink and gNB control of LTE sidelink resources will be separately considered in corresponding agenda items. 
· Mode-2 definition covers potential sidelink radio-layer functionality or resource allocation sub-modes (subject to further refinement including merging of some or all of them) where
a) UE autonomously selects sidelink resource for transmission
b) UE assists sidelink resource selection for other UE(s)
c) UE is configured with NR configured grant (type-1 like) for sidelink transmission
d) UE schedules sidelink transmissions of other UEs
RAN1 to continue study details of resource allocation modes for NR-V2X sidelink communication


Based on these agreements, companies continued discussion on sidelink resource allocation in [1]-[32].
Sidelink Resource Allocation Mode-2 and Its Sub-Modes
In AI 7.2.4.1.4, companies discuss major issues for sidelink resource allocation Mode-2. One of the major issues being discussed is how to avoid collisions and half-duplex constraints handling periodic and aperiodic traffic while ensuring high reliability and low latency for sidelink communication. Many companies expressed views that basic principles of LTE-V2X protocol can be reused to handle periodic traffic with additional enhancements being proposed. One of the discussion points here is whether separate procedures should be defined to handle periodic and aperiodic traffic (as well as mixed traffic scenario) or common procedure can be used to address all cases. Another discussion points are basic principles of operation that can be reused from LTE-V2X. Almost all companies discuss support of Mode-2(a) with different level of details in terms of specific design directions. Several companies discussed and provided design options at least at the conceptual level aiming to address collision problems for sidelink operation in Mode-2 specifically targeting support of Mode-2(a) [13](small scale and large scale sensing procedure), [23] (listen again after talk), [26] (short term sensing with counter based collision avoidance), [31](short term and long term sensing procedure), while some of the companies mention applicability of LBT schemes [3], [7], [13], [15], [22], [23], and some others mainly focus on other resource allocation sub-modes (Mode-2(c) [1] and Mode-2(d) [11], [27]). One contribution focused on half-duplex problem and proposed solution based on orthogonal scheduling/transmission patterns [9].

Proposal for discussion / consensus
Study sidelink resource selection mechanisms for collision avoidance in resource allocation Mode-2 and its sub-modes, including the following aspects:
· UE behavior(s) to handle periodic and aperiodic traffic in case of unicast/groupcast/broadcast transmissions and mixed scenarios
· Selection of resource(s) for transmission of sidelink control / data channels including sidelink measurements and information used to assist resource selection process
· QoS considerations (e.g. latency, priority, reliability) and their impact on sidelink resource selection
· e.g. mechanisms for sidelink resource reservation/preemption

Companies also express views on all potential “sub-modes” of Mode-2. The main discussion points here are 1) functionality of sub-modes itself and 2) whether sub-modes can be merged into the single mode.

Discussion on Mode-2(a)
Majority of the companies discuss Mode-2(a) with different level of details in terms of specific design directions. Several companies described potential design options at the conceptual level aiming to address collision problems for sidelink resource selection [13](small scale and large scale sensing procedure), [23] (listen again after talk), [26] (short term sensing with counter based collision avoidance), [31](short term and long term sensing procedure), while many companies mentioned applicability of LBT schemes [3], [7], [13], [15], [22], [23]. Companies discuss various aspects that need to be considered in resource selection to improve reliability of NR-V2X communication. Majority of companies point to collision and half-duplex problems that need to be addressed in Mode-2(a) sidelink communication, analyzing various principles of sensing and resource selection. Many companies mentioned that principles of LTE-V2X protocol can be reused at least for periodic traffic. Based on analysis of contributions the following proposals can be made to trigger discussion on Mode-2(a):

Proposal for discussion / consensus
Sidelink sensing and resource selection procedures are introduced for Mode-2(a)
· Based on sidelink sensing, UE determines sidelink resources used by other UEs based on the following FFS aspects
· decoding of sidelink control channel transmissions
· sidelink measurements
· detection of sidelink reservation signals
· assistance information from other gNBs
· combination of the above solutions
· other options are not precluded
· FFS details of UE sidelink resource selection procedure including
· how a UE selects resource for PSCCH and PSSCH transmission (or other sidelink physical channel/signal, if it is introduced)
· which information is used to assist a UE resource selection decision
· definition of sensing and resource selection triggers and windows
At least the following design principles are applied for NR-V2X
· Sidelink resource reservation principle
· FFS how UE reserves sidelink resource(s) for transmission
· Sidelink resource exclusion principle
· FFS how UE excludes resources used by other UEs
· Utilization of UE location information to assist sidelink resource selection
· FFS how UE applies location information for sidelink resource selection

Discussion on Mode-2(b) - UE assists sidelink resource selection for other UE(s)
In Mode-2(b), UE assists sidelink resource selection for other UE(s). Some companies view it as enhancements of Mode-2(a) [13], [31] or subset of Mode-2(d) [1]. Many companies consider and discuss Mode-2(b) in application to unicast and groupcast communication types, while it may be useful also for broadcast to address hidden node and collision problems [28]. The major discussion points that companies would like to study further is the type of assistance information, behavior of transmitting UE when it receives the assistance data and behavior of the assisting UE to deliver assistance data. Based on analysis of submitted contribution, the following initial proposals can be made for Mode-2(b):

Proposal for discussion / consensus
In Mode-2(b), a UE can assist sidelink resource selection for other UE(s), at least for unicast and groupcast communication
· FFS for broadcast communication type
The following aspects are FFS:
· Which assistance information is used
· How to deliver assistance information, including physical channel and UE behavior
· How assistance information is taken into account by a transmitting UE

Discussion on Mode-2(c) - UE is configured with NR configured grant (type-1 like) for sidelink transmission
The Mode-2(c) is proposed in [1], where it is argued that support of Mode-2(c) is beneficial from latency, reliability, and handling various traffic types. In [5], it is discussed that (b) and (c) can be beneficial for platoon scenarios and handling of periodic traffic. In [13], benefits of Mode-2(c) are being discussed and it is observed that it can be beneficial to address half-duplex issues. On the other hand it is mentioned that half-duplex issues can be addressed by other means in any of the Mode-2 sub-modes. Furthermore in [10], the resource utilization issue is raised and it is proposed to further study how to use any granted but unused resources.

Proposal for discussion / consensus
For Mode-2(c), further study the following aspects
· How to assign pattern(s) for UE sidelink transmission to avoid collisions
· Whether any sensing or resource selection procedure is used on top of configured grant(s)
· Whether and how to use any granted but unused resources
· How to adapt to traffic variation
· Study benefits of grant- (pre)-configuration vs sidelink resource pool (pre)-configuration

Discussion on Mode-2(d) - UE schedules sidelink transmissions of other UEs
The support of Mode-2(d) is proposed by two companies [11], [27]. Quite many companies discuss its applicability (or applicability of Mode-2(b)) to platooning use cases assuming UE serving as a group leader/header/manager/cluster head [2], [5], [6], [8], [14], [18], [27]. Some companies concern that Mode-2(d) may introduce unnecessary hierarchy levels to the NR-V2X system and signaling overhead and cannot be applied for majority of V2X uses cases [13], [31]. In [31], it is proposed not to support Mode-2(d). In [29], it is considered to limit support of Mode-2(d) to certain scenarios and only special types of vehicular communication. It should be noted, that regarding the necessity to introduce the notion of group leader at radio-layer for NR-V2X use cases RAN1 may need to consult with other WGs and organizations as well at least including RAN2 / SA2 WGs.

Proposal for discussion / consensus
Study whether/how to introduce notion of group leader at radio layers and for which use cases/scenarios, including the following aspects:
· Procedures to form UE group(s) and (re)-grouping
· UE group leader (re)-selection procedures
· Group leader behavior and signaling mechanism to coordinate/schedule sidelink resources for transmission/reception for other UEs
· Inter- and intra-group collision handling and sidelink resource allocation mechanisms across groups and within group
Send LS to RAN2 and SA2 to get their feedback on the necessity of UE group leader at radio-layers for identified NR-V2X use cases

Given that details of each sub-mode operation are not yet discussed or finalized, it seems reasonable to first discuss functionality of sub-modes itself and once it is clear discuss possibility of merging sub-modes to single mode.

Proposal for discussion / consensus
RAN1 to discuss whether all Mode-2 sub-modes need to be introduced and potential merge of sub-modes once functionality and UE behavior in each sub-mode are clear
· Note: Companies are invited to express their views on whether they prefer to see sub-modes (a)-(d) of Mode-2 as independent modes of operation or part of the common framework (i.e. one mode)

Sidelink Resource Configuration and Resource Pools
Many companies discuss concept of sidelink resource pools for NR-V2X sidelink communication. Companies discuss sub-channelization of sidelink resource pools and multi-slot transmission within sidelink resource pool. In addition some companies mention association of resource pools with traffic types (periodic, aperiodic) or communication types (unicast, groupcast, broadcast). In addition, resource pool attributes such as numerology/SCS, QoS, etc. are being discussed.

Proposal for discussion / consensus
Introduce definition for sidelink resource pool 
· Sidelink resource pool is a set of resources used for sidelink transmission or reception which can be configured by gNB/network or pre-configured at the UE
Sidelink resource pools are defined at least for sidelink control (PSCCH) and sidelink shared (PSSCH) channels
Sidelink resource pool can be divided into multiple frequency sub-channels
· UE sidelink transmission can occupy multiple frequency sub-channels
FFS details of sidelink resource pool configurations including the following aspects:
· Configuration details for PSCCH/PSSCH resource(s) for sidelink resource allocation Mode-1 and Mode-2
· Amount of sidelink resource pools
· Sidelink resource pool parameters/attributes (e.g. numerology, Mode-1/Mode-2 specific pool(s), TX/RX pool(s), sub-channelization, etc.)
· On demand allocation of sidelink resource pool
· Whether dedicated pools can be allocated for sidelink unicast/groupcast/broadcast communication types
· Whether dedicated pools can be allocated for given traffic type or QoS attribute (e.g. periodic/aperiodic, low latency)
· Relationship of sidelink resource pools and NR bandwidth parts

Mode-1/Mode-2 Pool Sharing Considerations
In submitted contributions, some companies discuss possibility of pool sharing among sidelink resource allocation modes: Mode-1/Mode-2 [13], [22], [25], etc. Companies that have discussed this problem are in favor of pool sharing and assume that proper radio-layer mechanisms should be in place. It is observed that it is beneficial to have seamless coexistence of different sidelink resource allocation modes. Sidelink pool sharing aspects are heavily dependent on design details of sidelink resource allocation sub-modes. In order to avoid potential inconsistencies in future NR-V2X design at a later stage, it is important to conclude at the beginning of the study item on resource pool sharing. Therefore it can be proposed to discuss and conclude on whether seamless operation of two modes on shared resources is important design consideration from RAN1 perspective.

Proposal for discussion / consensus
Resource sharing among Mode-1 and Mode-2 sidelink resource allocation modes is studied and considered as one of the design targets

Sidelink Congestion Control and QoS Considerations
Companies also discuss congestion control [3], [5], [13], [22], [25], and QoS [3], [4], [7], [16], [18], [31] in the context of sidelink resource allocation. For instance, QoS attributes such as latency, priority and reliability are expected to have impact on sensing and resource selection procedures as well may affect congestion control if introduced. The following congestion control related aspects are mentioned in submitted contributions:
· Congestion control mechanisms
· CBR/CR measurements
· Priority signaling in SCI and preemption mechanism for mode-2 operation

Proposal for discussion / consensus
Further study QoS impacts on sidelink resource allocation, including sensing and resource selection procedures
· e.g. mechanisms for sidelink resource reservation/preemption
RAN1 to study sidelink congestion control mechanisms including relationship with sensing and resource selection procedure and UE transmission behavior

Other Aspects
The remaining aspects that are mentioned in companies are:
Adaptation between Mode-1 and Mode-2 resource allocation (transmission mode adaptation mechanism)
Impact of distributed antenna on sensing and resources selection
Allocation of resources for sidelink feedback transmission (UE assigns, etc.)
Aspects relevant to agenda item: “7.2.4.1.2 Physical layer structures and procedure(s)”
· Multiplexing of PSCCH and PSSCH resource pools
· Support of multiple PSCCH formats to convey different sidelink control information
· Sidelink feedback 
Aspects relevant to agenda item: “7.2.4.3.1 Enhancements of LTE Uu and NR Uu to control NR sidelink” 
· For NR V2X Mode 1 resource allocation, low-latency sidelink resource request and scheduling mechanisms, for example a quick sidelink resource request through PUCCH channel, 2-step RACH based sidelink request method;
· Support of dynamic, activation/deactivation based, and RRC (pre-)configured mechanism for sidelink control;
· In activation/deactivation based resource allocation, signaling of command for activation/deactivation
· e.g. activation of exact resource blocks or different resource pools configurations.
Sidelink scheduling related aspects
· Support of sidelink SPS transmissions and multiple SPS configurations 
· The orthogonal resource scheduling for both Mode-1 and Mode-2
· Support of retransmissions, resource allocation methods for retransmissions and ACK/NACK feedback channels in NR V2X.
· Scheduling multiple sidelink T-F resources by one resource scheduling control signaling.
Sidelink carrier aggregation related aspects 
· Multi-carrier transmission, carrier selection, and half-duplex issues in sidelink CA

Some of the above aspects have potential overlap with other agenda items.

Conclusions
In this contribution, based on analysis of submitted contributions [1]-[32], we provided initial input on the most important aspects of sidelink resource allocation for NR-V2X sidelink communication. We hope it can facilitate productive discussion at RAN1#94bis and can help to further guide technical discussion on sidelink resource allocation aspects at the subsequent RAN1 WG meetings.
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