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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]-[29], 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”
Next sections provide additional details on the sidelink resource allocation aspects identified above and suggest initial proposals for RAN1 WG discussion/decision. In addition it captures summary proposals where consensus was reached during offline discussions.
Sidelink Resource Allocation Mode-2 and Its Sub-Modes
Mode-2(a)
Overview of Contributions on Mode-2(a)
Majority of companies (~20) discuss sensing and resource selection mechanisms for Mode-2(a) operation. Different levels of design details are proposed, however all companies discuss some sort of sensing and resource selection. In [Vivo, [2]], it is proposed to signal priority as a part of SCI and make window for short-term sensing dependable on latency. In [MTK, [3]], it is proposed to design long term and short term sensing mechanisms, based on control channel decoding carrying information on resource allocation and resource reservation. Work in [Intel, [6]] proposes large scale and small scale sensing procedures as well as their combination, where large scale sensing is expected to handle periodic traffic w/ resource reservation and small scale sensing is to handle aperiodic traffic. Large scale sensing is based on LTE-V2X principles such as resource reservation and formation of candidate resource sets, with the following enhancements: SL RSSI averaging is removed, first in time candidate resources are prioritized for selection. The small scale sensing assumes refinement of selected candidate resources (reselection from given candidate set) till the first SCI transmission, if collision in selected resource is detected. In addition, short term reservation signalling is considered to reserve resources for transmission of a given TB and its retransmissions. It was also shown that multiple decoding attempts per PSCCH / PSSCH resource significantly improve performance. In [CATT, [7]] and [CTC, [20]], it is proposed to reuse LTE V2X sensing and SPS mechanism for periodic services and enable LBT and collision avoidance mechanism for aperiodic services [CATT, [7]]. In [NEC, [8]], it is proposed to use long-term LTE-V2X sensing for periodic traffic and define short term sensing for aperiodic traffic. The work in [ZTE, [9]], suggests to consider Mode-2(a) as a baseline and proposes to further study details of SCI decoding and sidelink measurements to support it as well as how to transmit a UE’s measurement report to other UEs. In [Lenovo, ], the need for fast NR V2X sensing mechanism is identified to handle event-triggered traffic. The combination of pre-emption signalling and resource booking is considered beneficial in [Oppo, [11]]. The work in [LGE, [12]] proposes sensing based on PSCCH decoding and sidelink measurements as well as multi-slot transmissions. It is also proposed that latency determines duration of resource selection window. The scheme described in [Apple, [15]] is based on LBT procedure and proposes additional stage of collision detection based on listening after talk (LAAT) principle, where transmitting UE performs additional LBT, if collision is detected during LAAT. The LBT based operation principles are also discussed in [Samsung, [16]] with a proposal to further study resource allocation details. The paper [Panasonic, [17]] suggests to prioritize Mode 2(a) design with respect to other modes and adopt sensing and SPS mechanisms as defined in LTE-V2X and consider additional enhancements on top of that scheme. The support of unified solution for Mode-2(a) is suggested in [Spreadtrum, [19]]. LTE Mode-4 resource allocation is proposed as a baseline in [Sony, [22]] with additional enhancements based on assistance information from other UEs. The need for new collision avoidance mechanism based on short term competition and backoff is identified in [Xiaomi, [25]]. The work in [Qualcomm, [26]], proposes slot level identification of occupied resources based on decoding of control channels and considers exclusion zones to promote channel reuse with per-packet resource reselection and counter based channel access scheme. The support of sensing and resource selection is proposed in [Asustek, [27]]. The work in [Nokia, [28]] suggests that Mode 2(a) inherits all functionalities of LTE V2X mode 4 to serve periodic packets efficiently, including support of SCI format for resource reservation to assist resource allocation in case of periodic and aperiodic traffic. Finally, the paper [Ericsson, [29]] proposes to support Mode-2(a) together with short term reservation as a baseline as long as chain-reservation principles. The short term and long-term sensing are proposed for (re)-selection of resources for transmissions with contention resolution and resource exclusion respectively. It is also proposed to use a single resource allocation procedure for unicast, groupcast and broadcast as well as support pre-emption mechanisms.
The support of Mode-2(a) is criticized in [Huawei, [1]], where concerns on latency, reliability and hidden node issues are raised.
Proposals for RAN1 Discussion on Mode-2(a)
Based on analysis of contributions [1]-[29], the following proposals can be made to trigger discussion on Mode-2(a):
Proposals for discussion / consensus
NR V2X supports Mode-2(a) as a dedicated/standalone sidelink resource allocation mode
Mode-2(a) supports UE sensing and resource (re)-selection procedures that aim to avoid collisions of sidelink transmissions
Sensing procedure supports PSCCH decoding and sidelink measurements
· FFS information extracted from PSCCH decoding
· FFS sidelink measurements used
· FFS UE behavior and timescale of sensing procedure 
Resource (re)-selection procedure  uses results of sensing procedure and acquired assistance information, if available, to determine resource(s) for sidelink transmission
· FFS timescale and conditions for resource (re)-selection
· FFS resource (re)-selection details for PSCCH and PSSCH transmissions
· FFS impact of sidelink QoS attributes on resource (re)-selection procedure
· FFS assistance information taken into account in resource (re)-selection
Mode-2(a) supports principle of resource reservation, where UE transmits control signaling indicating resources planned to be used for its own transmission
· FFS control signaling details
· FFS reservation timescale and periods
Mode-2(a) supports utilization of location information for sidelink resource selection
· FFS how UE applies location information for sidelink resource selection
For Mode-2(a), further study the following schemes for sensing and resource selection, including
· Long-term sensing, where resource is reserved for multiple transmissions of different TBs, and resource reselection is done after transmission of multiple TBs
· Short-term sensing, where resource is reserved for single TB transmission and resource reselection is done for each TB transmission
· Listen before talk and listen again after talk solutions
· Other schemes are not precluded

The following offline consensus was reached based on discussion of the above proposal:

Offline consensus
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
Conclusion:
Companies continue to work within this week to provide details of proposed schemes for each mode

Mode-2(b)
Overview of Contributions on Mode-2(b)
Aspect #1: Whether Mode-2(b) is a separate mode?
One of the major open aspects for Mode-2(b) support is whether it should be considered as a separate resource allocation mode or as a part of functionality of other Mode-2 sub-modes (a), (c), (d). Based on review of submitted contributions none of the companies proposed to have Mode-2(b) as a dedicated resource allocation mode, rather as a subset of a specific mode or applicable to all modes, i.e. part of Mode-2(a), (c), (d) functionality.

Aspect #2: Mode-2(b) assistance information?
The following examples of assistance information were mentioned by companies. In [Huawei, [1]], it was proposed to consider enhancements of UE resource selection in order to prevent hidden node problem in Mode-2(a) as well as consider mechanisms that share information on sensing or interference measurements or indicate resource for feedback or grant-free resource reservation. The work in [MTK, [3]] proposes to consider location, velocity, priority of traffic, channel occupancy ratio, and RSRP as the assistance information for NR V2X framework. The sharing of distributed sensing reports to the group leader UE is proposed in [Fraunhofer, [4]] for selection of group common resources. The paper in [LGE, [12]] suggests to request input from RAN2 and SA2 WGs on which type of Mode-2(b) assistance is supported: Type A - there is a hierarchy between UEs. A UE (e.g., head UE) restricts the resource pool of another UE (e.g., member UE); Type B - there is no hierarchy between UEs. A UE sends assistance information to another UE, and the receiving UE could refer to this information in its resource allocation.
The receiver UE assistance information is suggested in [CMCC, [14]]. In [Intel, [6]] and [Sony, [22]] it is also proposed that receiver UE can recommend resource(s) or resource index(es) for sidelink transmission based on sensing information and formed candidate resource set. Paper in [ZTE, [9]] proposes that the assistance information includes the configuration of available resources for a UE/group UE. Transmitting UE can assists in selection of the sidelink resource for feedback transmission by target receiver UE. The assistance information is found beneficial in [OPPO, [11]], where it is considered as a mechanism to avoid TX collisions and half-duplex issues within a group. Assistance information from Uu link is considered in [ITRI, [21]]. The work in [Xiaomi, [25]] proposes the assistance from receiving side on collision avoidance and high interference indication, at least for unicast/groupcast operation. Finally CSI and feedback reports are considered as a type of assistance information in [Ericsson, [29]].
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. 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. 

Proposals for RAN1 Discussion on Mode-2(b)
Based on analysis of submitted contribution, the following initial proposals can be made to trigger further discussion on Mode-2(b):

Proposal for discussion / consensus
Mode-2(b) is not supported as a standalone sidelink resource allocation mode
Mode-2(b) is further studied as a functionality that can be a part of Mode-2(a)(c)(d) operation, when one UE assists sidelink resource selection for other UE(s)

The following offline consensus was reached based on discussion of the above proposal

Offline consensus
Mode-2(b) is studied as a functionality that can be a part of Mode-2(a)(c)(d) operation, when one UE assists sidelink resource selection for other UE(s)
Note: Mode-2(b) is not supported/studied as a standalone sidelink resource allocation mode

Proposal for discussion / consensus
As a part of Mode-2(b) functionality, companies to continue study which assistance information is used in different sidelink resource allocation sub-modes of Mode-2, including the following:
· Geolocation information: coordinates and velocity information
· QoS information / attributes
· [bookmark: _GoBack]Sensing related information
· Information on occupied/reserved sidelink resources from other UEs
· Report of sensing results
· Receiver UE assistance information on recommended resource for transmission or candidate set of sidelink resources for transmission
· Configuration of available resources for a UE or group UE
· Indication of sidelink resource for feedback transmission
· RSRP, CSI and feedback reports
FFS which/whether assistance information is applied for unicast, groupcast, broadcast type of communication or their combination
FFS UE behavior for delivering and receiving the assistance data

Mode-2(c)
Overview of Contributions on Mode-2(c)
The extensive discussion on Mode-2(c) is provided in [Huawei, [1]], where analysis on raised at the previous meeting questions is provided. In particular, the following responses were provided in [Huawei, [1]]:
· How to assign resource(s) for UE sidelink transmission to mitigate collisions and half-duplex impacts
· Time frequency resource pattern (TFRP) is used. Pool of (pre-)configured TFRPs should be such that any two distinct TFRPs should not collide in at least one time unit
· Whether any sensing or resource selection procedure is used on top of configured grant(s)
· In case of a UE-specific TFRP configuration, no sensing or resource selection is needed.
· In case of TFRP pool (pre-) configuration. TFRP selection is needed and some form of sensing may be used to enhance the performance of TFRP selection.
· Whether and how to use any granted but unused resources
· If a UE does not have data to transmit, the UE does not use the granted resources
· How to adapt to traffic variation
· Multiple resource (pre-)configurations are supported for UEs operating in Mode-2(c) 
· Pool of TFRPs for out of coverage operation, so that UE can select from
· Reconfigured by the network with a dedicated TFRP when UE is in-coverage
· How it is different from Mode-1 operation for in-coverage scenario
· It behaves essentially as a mode-1 UE configured with the same TFRP
· How it is different from Mode-2(a), when Mode-2(a) uses dedicated resource pool with dedicated sidelink resource pool configuration
· Mode 2(c) UEs specifically configured with a UE-specific TFRP do not need to do any sensing or resource selection
· Whether and how this mode operates out of network coverage
· UE autonomously selects a TFRP from the pre-configured pool
RAN1 to further study whether some or all of Mode-2(c) functionality is a part of Mode-2(a)(b)(d)
Mode-2(c) evaluation results for ideal configuration of the grant-free transmission were provided in [Huawei, [1]], where it is reported that improved performance over the LTE-V2X scheme is achieved. The framework on frequency-time resource pattern design that aims to minimize half-duplex problem for Mode-2(c) was also proposed in [Fujitsu, [5]].To enable adaptation to variable packet size, resource allocation design provides frequency-time resource pattern allocation scheme with support of different resource sizes in different resource sub-groups.
In other contributions that discuss Mode-2(c), the opinions on support of Mode-2(c) are diverse. The work in [Spreadtrum, [19]], proposes to study sensing and resource selection procedure as well as the use of granted but unused resources in mode 2(c). In [ZTE, [9]], it is proposed to exclude Mode-2(c) from further RAN1 considerations. In [Ericsson, [29]], it is viewed as Mode 2(a) with a dedicated resource pool assigned to one or multiple transmitters. Benefits of Mode-2(c) are questioned in [MediaTek, [3]] and [Intel, [6]], where more justification on benefits is requested. Finally, in [NEC, [8]] it is stated that Mode-2(c) should be supported as one option of Mode 1 for resource allocation of periodic traffic or control channel. In [CATT, [7]], it is observed, that there is no obvious gain for in-coverage case and the probability of collision will increase for the out-of-coverage case. Finally, the following paper [LGE, [12]] argues that additional benefits compared to Mode 1 for in-coverage UE and Mode-2(a) for out-coverage/idle UE are not clear.
In [KDDI, [18]] it is proposed to have common rules for resource selection across all Mode-2 resource allocation sub-modes and [Sony, [22]] proposes to define sensing and resource selection on top of Mode-2(c). Other contributions do not have any specific proposals for Mode-2(c) support.

Proposals for RAN1 Discussion on Mode-2(c)
Based on summary of submitted contributions that discuss Mode-2(c), it seems there is no converged view on benefits of Mode-2(c) support. Moreover, many companies express technical concerns on benefits of Mode-2(c) support.
Proposal for discussion / consensus
Capture the following description to clarify candidate Mode-2(c) operation
· For out of coverage operation, Mode-2(c) assumes (pre)-configuration of multiple sidelink transmission patterns/grants 
· FFS UE behavior for sidelink transmission pattern/grant selection including
· Details of transmission pattern design and pre-configuration of patterns
· Details of sensing procedure if it is applied for sidelink transmission pattern selection
· For in-coverage operation, Mode-2(c) assumes (re)-configuration of sidelink transmission pattern by gNB. There is no sensing and resource selection implied in this case.
· UE selects the suitable grant for transmission and skips transmission if there is no sidelink traffic
RAN1 to continue study benefits on Mode-2(c) including differentiating factors with respect to Mode-1 with RRC configured grant and Mode 2(a), including scenario with dedicated sidelink resource pool

Mode-2(d)
Overview of Contributions on Mode-2(d)
The views on support of Mode-2(d) are quite diverse and range from the “support” to “do not support”. The quite detailed discussions from companies supporting Mode-2(d) are provided in [AT&T, [13]], [NTT DOCOMO, [24]] [MediaTek, [3]] [Fraunhofer, [4]]. Other companies that discuss Mode-2(d) do not provide sufficient level of details on Mode-2(d) operation and propose to further study selected designs aspects. 
Views from Mode-2(d) proponents
In [AT&T, [13]], it is argued that Mode-2(d) can be supported w/o any architecture change when scheduling UE is appointed by network and that there is no need for full connection establishment. It is assumed that scheduling UE need to periodically monitor the usage of the assigned resource and associated UE needs to monitor the broadcast channel from scheduling UE. The inter-group interference coordination is expected to be managed by the network through assigning orthogonal or overlapped resource to different scheduling UEs. The default pool is assumed for the case when scheduling UE disappears. 
In [NTT DOCOMO, [24]], it is argued that Mode-2(d) is applicable to general eV2X use cases. The following procedure are discussed: determination of header-UE (volunteer or pre-configuration), association of member-UEs to header-UE (UE group formation based on discovery procedure), determination of resource(s)/resource set(s) to be used by group (multiple orthogonal resource sets selected by group headers), scheduling request and scheduled resource indication in a UE group (UE implementation, FFS dynamic, semi-persistent, grant-free). The provided evaluation results show that NR Mode-2(d) outperforms LTE mode-4 up to 5% and 10% in urban and freeway scenario for periodic traffic; and random resource selection up to 15% and 20% for aperiodic traffic.
In [MediaTek, [3]], it is argued that Mode-2(d) can be useful in case of high system loading and the switching b/w Mode-2(a) and Mode-2(d) based on channel occupancy ratio is proposed. The contribution proposes details of eight procedures for Mode-2(d) support: resource scheduling in Mode 2(d), selection of scheduling UE, joining a cluster, leaving a cluster, scheduler UE handover the right to a member, UE handover to another cluster, scheduler UE disappears, cluster dissolution.
In [Fraunhofer, [4]], the Mode-2(d) is discussed in the context of groupcast communication and group leader design concept. In terms of resource allocation, the subset of resources is exclusively assigned for a particular group of UEs and group leader allocates resources within a subset to group members. In OoC, allocation of resources for the group is carried out by the group leader UE that is expected to collect sensing reports from group members and run advanced sensing and announcement procedures. Contribution also discusses two options for resource allocation within a group: 1) assigned by group leader 2) based on sensing within a subset of group resources announced by group leader. The description is provided at the conceptual level and mainly proposes to study design aspects. 
Views from other companies Mode-2(d)
In [ZTE, [9]], it is stated that introduction of Mode-2(d) will increase complexity of sidelink protocol but may not offer a reasonable performance advantages. At the same time it is noticed that it may cause extra signaling overhead and the reports, interference among groups. Another set of issues, which are mentioned in [LGE, [12]] include latency and signaling overhead (e.g., caused by exchanging messages such as SR, BSR, grant) as well as the resultant half-duplex problem. Difficulty in avoiding resource collision among UEs scheduled by different scheduling UEs (e.g., high interference from neighboring UE’s transmission can appear in the scheduled resource when the neighboring UE is outside of the group controlled by the scheduling UE).
The hierarchy among UEs, which is essentially equivalent to the introduction of a new node in the network is raised in [Ericsson, [29]]. Finally, companies [Nokia, [28]], [Intel, [6]], [Sony, [22]] argue that Mode-2(d) can be applicable only to limited set of scenarios (either platooning or RSU) and cannot be considered as a solution that can fit all NR-V2X use cases [Intel, [6]]. 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 (at least RAN2 / SA2 WGs).
Proposals for RAN1 Discussion on Mode-2(d)
Based on the overview of the submitted contributions, the following observations can be made:
Observations
Mode-2(d) is not equally applicable to all scenarios and eV2X use cases, while may be beneficial in subset of scenarios (i.e. does not fit well all advanced V2X use cases)
Support of Mode-2(d) require support of Mode-2(a) and can be viewed as an additional functionality on top of Mode-2(a) operation
Support of Mode-2(d) will require additional signaling overhead and efforts to define multiple radio-layer procedures without clear understanding (at the moment) on incremental gains with respect to Mode-2(a), if any.
There are different motivations behind support of Mode-2(d) among proponents:
· Management of resources mainly targeting efficient sidelink communication in FR2
· Mode-2(a) / Mode-2(d) adaptation to better support high system loading conditions
· Management of resources within a group to improve overall sidelink resource allocation framework

In addition, the following proposals can be made to trigger initial discussion:

Proposal for discussion / consensus
Continue to study Mode-2(d) under assumption that there is no need for architectural changes from radio-layer and system perspective
Further study the following potential radio-layer procedures implied by Mode-2(d) operation including at least the following
· Procedures to become/serve as a scheduling UE for in-coverage and out-of-coverage scenarios
· Behavior of scheduling UE to schedule transmission/reception of other UEs including signaling details
· Impact of scheduling UE processing capabilities on system performance
· UE behavior to (re)-select scheduling UE(s)
· UE behavior to associate to scheduling UE(s)
· UE behavior when scheduling UE disappears
· 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 groups are served by the same scheduling UE
· Procedures to switch between Mode-2 sub-modes
· Etc.
RAN1 to ask feedback from other WGs (RAN2 and SA2) on the impact of Mode-2(d) support that they may see with respect to RAN1 assumption above on architectural changes from radio-layer and system perspective.
Continue analysis on the relative gains and performance / complexity tradeoffs with respect to other Mode-2 sub-modes (a)(b)(c)

Relationship of Mode-2 Sub-modes
Given that details of each sub-mode operation are not yet fully discussed and 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 continues express their views on whether they prefer to see sub-modes (a)(c)(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
Companies also discuss sub-channelization of sidelink resource pools and multi-slot transmission (slot aggregation) within sidelink resource pool. In addition some companies mention association of resource pools with traffic types (periodic, aperiodic) or communication types (unicast, groupcast, broadcast). Finally, resource pool attributes such as numerology/SCS, QoS, etc. were mentioned in selected contributions.
Proposal for discussion / consensus
Sub-channelization of sidelink resource pool is supported (i.e. sidelink resource pool can be divided into multiple frequency sub-channels)
UE sidelink transmission of TB can occupy multiple frequency sub-channels
UE sidelink transmission of TB can occupy multiple slots in time
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
· 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)

Other Aspects
The remaining aspects that are mentioned in contribution from different companies and likely require more future discussions are:
Mode-1 / Mode-2 resource pool sharing
Adaptation between Mode-1 and Mode-2 resource allocation (transmission mode adaptation mechanism)
Impact of distributed/multiple 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;
· 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 
· 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

Conclusions
In this contribution, based on analysis of submitted contributions [1]-[29], 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#95 and can help to further guide technical discussion on sidelink resource allocation aspects at the subsequent RAN1 WG meetings.
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Annex A – Summary of RAN1 Agreements
 RAN1#94 Agreements
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



RAN1#94bis Agreements
At the RAN1#94bis, the following agreements were made with respect to sidelink resource allocation mechanisms: 
	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
Agreements:
The following aspects about assistance information are studied for Mode 2(b)
· Which assistance information is used and how it is acquired
· Which UE sends assistance information
· How to deliver assistance information, including physical channel and UE behavior
· How assistance information is taken into account in determination of sidelink resource for transmission
RAN1 to further study whether some or all of Mode-2(b) functionality is a part of Mode-2(a)(c)(d)
Agreements:
The following aspects are studied for Mode 2(c)
· How to assign resource(s) for UE sidelink transmission to mitigate collisions and half-duplex impacts
· 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
· How it is different from Mode-1 operation for in-coverage scenario
· How it is different from Mode-2(a), when Mode-2(a) uses dedicated resource pool with dedicated sidelink resource pool configuration
· Whether and how this mode operates out of network coverage
RAN1 to further study whether some or all of Mode-2(c) functionality is a part of Mode-2(a)(b)(d)
Agreements:
The following aspects are studied for Mode 2(d)
· In which use cases/scenarios this mode is applicable
· What is the overall architecture for Mode-2(d) operation
· How to decide which UE schedules which other UE(s) and how to maintain this relationship
· What is the procedure of UE(s) when the scheduling UE disappears
· What is the scheduling UE behavior and signaling mechanism to schedule sidelink resources for transmission/reception for other UEs
· Which resources can be used to schedule other UEs 
· Inter- and intra-UE collision handling and sidelink resource allocation mechanisms across groups 
RAN1 to further study whether or not some or all of the above aspects are applicable to 2(b)
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