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Introduction
In this contribution, we provide outcome of the offline discussion based on summary of proposals submitted in [1] provided after review of [2]-[37] and additional input received during online/offline discussion during the meeting week, including the input on scheduled based resource allocation from Mode-2(d) proponents.
Sidelink Resource Allocation Mode-2 
Based on analysis of contributions and discussion during the week, the following proposals can be made as a starting point to trigger discussion on Mode-2 support:
List of proposals for discussion based on proposals for Mode-2(a) from [1]



Mode-2 sensing procedure utilizes SCI decoding from other UEs to extract information on sidelink resources used by other UEs
· FFS for PSFCH/SFCI
· FFS other sidelink transmission parameters: priority, QoS attributes, etc.

The proposal above was discussed and no additional comments was received offline.
Proposal for online agreement
SCI decoding applied during sensing procedure provides at least information on sidelink resources indicated by the UE transmitting the SCI 

[bookmark: _GoBack]Mode-2 sensing procedure utilizes SL-RSRP measurements from sidelink transmission / UE
· FFS SL-RSSI measurements
· FFS for which sidelink channels the SL-RSRP is defined (i.e. PSCCH, PSSCH, PSFCH)




Mode-2 sensing and resource selection windows are defined to describe Mode-2(a) operation
· The resource selection window is bounded by packet delay budget
· FFS definition of sensing and resource selection windows

Mode-2 resource selection or reselection procedure is used to determine resources for sidelink transmission once the resource (re)-selection is triggered and includes
· Resource exclusion based on control channel processing and SL-RSRP measurements
· FFS if distance based control exclusion is supported by NR V2X
· FFS whether and how QoS attributes (e.g. priority, reliability, latency) are taken into account
· Construction of a candidate resource set(s) for sidelink PSCCH and PSSCH transmission within resource selection window
· Selection of a resource for at least sidelink PSCCH and PSSCH transmission from the candidate resources set
· FFS scheme for actual resource selection from the candidate resource set (e.g. backoff / counter based or any other randomization mechanism)
· FFS whether and how UE location information is taken into account in Mode-2(a) resource selection procedure

Mode-2, supports the following schemes for resource selection
· Semi-persistent scheme: resource(s) are selected for multiple transmissions of different TBs 
· Dynamic scheme: resource(s) are selected for each TB transmission

Mode-2, supports reservation of resources for initial transmission and retransmission of a given TB indicated by SCI
· FFS details, e.g. whether UE reselecting resources monitors PSFCH to detect ACK/NACK transmission or any other mechanism is used to take into account resources for retransmission in resource selection procedure

Mode-2 supports resource reservation signaling in addition to scheduling assignments
· FFS details (standalone SCI transmission, integrated to SCI transmission, etc.)

Additional input from Mode-2(d) proponents was received as an input to offline discussion.

Input from Mode-2(d) proponents
NR supports transmissions by a member UE on resources configured by another UE (S-UE) within the same group
· High layer signaling is used between S-UE and a member UE to support this operation

The proposal above was discussed and the latest status of offline discussion is highlighted in yellow. The was not offline consensus reached.
Proposal for online discussion
In Mode-2(d) a member UE transmits on resources configured by another UE (S-UE) within the same group.
· 	High layer signaling is assumed between S-UE and a member UE to support this operation

Resource allocation mode 2 support: 
· UE can be grouped with a header (S-UE) and one or multiple member UEs. 
· RAN1 assumes the grouping information is provided by higher layers or network configuration.
· The grouping information includes the IDs of S-UE and member UE(s) 
· NR supports S-UE to configure resources to another member UE(s) 
· Resources here can be signaled as a resource pool or sub-channels/time slot. 
· Details are to be decided in the WI.  
· Configuration signaling is through RRC/MAC-CE signaling. 
· For each resource pool configuration, S-UE can configure member UE with sensing “on” or “off”
· When sensing is on, member UE can perform sensing on the configured resources before transmission
· When sensing is off, member UE can transmit on the configured resources without sensing
· NR support member UE to signal to S-UE information about required resources
Signaling is through higher layers
· No additional procedure is needed to derive available resource for S-UE to configure. The following 3 options can be used:
· Pre-configured to S-UE
· Configured by network (e.g. when the S-UE is in coverage)
· Selected by S-UE by sensing (e.g. when the S-UE is out-of-coverage)
· This is based on the current discussions for sensing/resource selection

Previous proposals on Mode-2(d) from [1]
RAN1 assumes that Mode-2(d), if it is supported, is defined on top of Mode-2(a) / (c) functionality

---------------------------------------- Procedures proposed to be out of RAN1 scope ---------------------------------------
RAN1 assumes that at least the following potential procedures (identified at RAN1#95) are outside of radio-layer scope for NR-V2X communication design
· 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
· UE behavior to (re)-select scheduling UE(s)
· UE behavior to associate to scheduling UE(s)
· UE behavior when scheduling UE stop scheduling
· 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

-------------------------------------- Procedures that may have impact on RAN1 scope -------------------------------------
RAN1 assumes that at least the following potential procedures (identified at RAN1#95) may have impact on radio-layer design for NR-V2X communication
· 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
· 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
· Resource management to address collision/interference and half-duplex issues b/w UEs scheduled by different scheduling UEs
· Resources used for communication before UE is associated with a scheduling UE
· Procedures to switch between Mode-2(d) from/to other sub-modes
· FFS behavior/algorithm of scheduling UE

------------------------------ Further work on procedures that may have impact on RAN1 --------------------------------

Discuss and select among the following options for procedure to determine a set of sidelink resources a scheduling UE can use for scheduling of other UEs RAN1 is to select among the following options
· Option 1: Based on sensing procedure by scheduling UE
· Option 2: Configured by gNB if scheduling UE is in-coverage
· Option 3: Pre-configured if scheduling UE is out of coverage
· Option 4: Transmitting UE provides information about sidelink resources to scheduling UE

Discuss and select among the following options for behavior of scheduling UE to signal scheduling decisions for transmission/reception of other UEs UEs RAN1 is to 
· Option 1: Physical layer signaling
· Option 2: Higher layer signaling
· Option 3: Both physical and higher layer signaling

Regarding resource management to address collision/interference and half-duplex issues b/w UEs scheduled by different scheduling UEs
· RAN1 is to continue discussion on this aspect

Regarding resources used for communication before UE is associated with a scheduling UE
· Conclude that Mode-2(a)/(c) resources are used in this scenario

Discuss and select among the following options for procedures to switch between Mode-2(d) from/to other sub-modes:
· Option 1: Discuss switching mechanism after determination of basic solution for each resource allocation mode
· Option 2: Up to higher layer (outside of AS) to control mode of UE operation
· Option 3: Switching between Mode-2(a)/(c) and Mode-2(d) depends on channel occupancy ratio or traffic load
· Option 4: Switching between Mode-2(a)/(c) and Mode-2(d) depends on establishment of association with scheduling UE
Regarding behavior/algorithm of scheduling UE, RAN1 to select b/w options
· Option 1: RAN1 to continue discussion on which aspects of scheduling UE behavior/algorithm need to be standardized
· Option 2: RAN1 assumes that no scheduling UE behavior/algorithm is to be standardized at radio-layers for Mode-2(d)

RAN1 is to continue analysis on the relative gains and performance / complexity tradeoffs with respect to other Mode-2 sub-modes: Mode-2(a) and Mode-2(c)
Conclusions
In this contribution, based on analysis of submitted contributions, 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-AdHoc-1901 and can help to guide technical discussion on sidelink resource allocation aspects.
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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)




RAN1#95 Agreements
At the RAN1#95, the following agreements were made with respect to sidelink resource allocation mechanisms:
	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:
· Mode-2(b) to be 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

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 sub-modes
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