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Introduction
The study item for NR V2X was approved [1] in RAN#80 and the objectives were identified in relation to resource allocation:
	This study item includes the following objectives, considering in-network coverage, out-of-network coverage, and partial network coverage:

1: Sidelink design [RAN1, RAN2]:
	Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 
-	Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
-	Study NR sidelink physical layer structures and procedure(s)
-	Study sidelink synchronization mechanism
-	Study sidelink resource allocation mechanism (also including objective 3)
-	Study sidelink L2/L3 protocols
NOTE: Only the performance of advanced V2X use cases will be evaluated in the design of NR sidelink.



In the previous meeting in RAN1#95, the following agreements were made [2]:
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Mode 2(a)
· 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

Mode 2(b)
· 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

Mode 2(c)
· 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

Mode 2(d)
· 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
· 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
· 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 behaviour/algorithm of scheduling UE 
· Behaviour of scheduling UE to signal scheduling decisions for transmission/reception of other UEs
· The following options are identified:
· Physical layer signalling
· Higher layer signalling
· UE behaviour to (re)-select scheduling UE(s)
· UE behaviour to associate to scheduling UE(s)
· UE behaviour 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

Overview of Mode 2
Over the course of the previous 3 meetings, four different sub modes of operation were identified and their functionalities were discussed, a brief of the sub modes is listed below:
Mode 2(a) – UEs autonomously select resources from within the resource pool/BWP using sensing mechanisms
Mode 2(b) – UEs assist other UEs in the selection of resources from within the resource pool/BWP
Mode 2(c) – UEs select a TFRP from a pool of TFRPs, the pool of TFRPs being configured in a grant-free basis
Mode 2(d) – UEs assist/selects resources to be used by other UEs from within the resource pool/BWP
In the last meeting in Spokane [2], it was agreed that Mode 2(b) would not be a standalone mode, but instead the assisting of other UEs in resource selection could be carried out as a feature across sub modes.
In order to simplify the operation of Mode 2 as a whole, it can be divided into two phases – allocation and selection of resources, and the utilization of the allocated resources. This is depicted in Figure 1, and explained in detail in the following subsections.
Phase 1 – Configuration and Selection of Resources
For a UE that has been configured with the BWP configuration, the first step for the UE when operating in Mode 2 is to identify the set of resources within the BWP that it can utilize for either its own transmissions, for assisting other UEs in the selection of resources or explicitly allocating to other UEs. The set of resources within the BWP can be identified or configured by either of the following methods.
Using Pre-Configured Resource Pools
The using of pre-configured resource pools is similar to the functioning in LTE, where the UE utilizes pre-configured resource pools while operating in Mode 2. The UE selects the relevant resource pool based on either the zonal location, which is similar to LTE operations, or by any of the other criteria which is described in our accompanying contribution [3].
Once the UE is aware of the resource pool to be used, the UE can carry out the advanced sensing mechanisms that are currently being discussed under Mode 2(a) in order to determine the exact resources to be used. In the case of groupcast communications, a UE operating as a Group Leader (GL) can also determine a set of resources to be used by the entire group, the details of which are being discussed under Mode 2(d).
[bookmark: _GoBack]Using Pre-Configured Pool of TFRPs
The using of a pre-configured pool of TFRPs is similar to the functioning of NR configured grants (type 1 like), where the UE receives RRC configurations for a pool of TFRPs which can be used when operating in Mode 2. 
Once the UE is aware of the pool of TFRPs, the UE can autonomously select a TFRP, as being discussed in Mode 2(c) and in other contributions [4, 5], from the pool in order to determine the exact resources to be used. In the case of groupcast communications, a UE operating as a group leader can also determine a set of TFRPs to be used by the entire group.
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Figure 1: Overview of Mode 2 Operations

Phase 2 – Utilization of Allocated Resources
Once the resources to be used by the UE have been selected, the second step is to determine how to use these selected resources. This can be determined in either of the following methods.
For UE’s own Autonomous Transmissions
A UE can utilize the selected resources for its own transmissions. In this method, the UE would select resources, either by sensing within the configured resource pools or by selecting a TFRP from the TFRP pool, based on the amount of data to be transmitted and the QoS requirements attached to this data.
For Assisting other UEs
In this method, a UE can select resources for itself as well as on behalf of other UEs. This is particularly relevant for groupcast communications, where the presence of a Group Leader (GL) UE selects resources for the entire group. This can be carried out either by deploying the advanced sensing schemes to select a subset of resources from within the configured resource pools, or by selected a set of TFRPs from the pool, to be used by members of the group.
The GL UE will provide the member UEs with the information regarding the selected resources, after which the member UEs can then further autonomously carry out sensing or TRP selection schemes in order to select resources for their own transmissions. This process would ensure that the low latency requirements are met for groupcast communications, without increasing the overhead due to extra signalling procedures.
For Scheduling other UEs
In this method, a UE can select resources and explicitly instruct other UEs to utilize the selected resources.
In the case of groupcast communications, the GL UE would select resources for the entire group, and then proceed to provide explicit resource allocation information for the individual member UEs, from within the selected set of resources. This may cause the overhead due to signalling to increase, but the reliability of the resources would be ensured. This is due to the fact that the GL UE allocates the resources to individual members, ensuring that there is no overlap in the allocated resources.
In the case of unicast communications, the transmitting UE can select resources for both itself and the receiving UE. The transmitting UE can instruct the receiving UE to use the resources selected by the transmitter UE, thereby eliminating the need for the receiving UE to sense or select a TFRP on its own. This would enable low latency communications between the two UEs.
Observation 1: The operation of mode 2 can be divided into 2 phases: 
· Phase 1 involves the UEs determining a set of resources from within either (pre)-configured resource pools or an RRC configured TFRP pool. 
· Phase 2 involves the UE utilizing resources among this set (from Phase 1) for either its own autonomous transmissions, assisting other UEs, or explicitly scheduling other UEs on these resources.

Sensing in Mode 2
Based on the analysis of the operation of Mode 2, as discussed in the previous section, sensing is a feature that can be used across the functioning of Mode 2. The sensing procedure, which is essentially the process where a UE identifies occupied resources, can be defined either by a short-term assessment and back-off procedure, as described in [4, 6], by a long-term analysis of the RSSI/RSRP on resources, similar to that of LTE V2X, or a combination of both, as seen in [6].
Since the study of the advanced sensing schemes is still ongoing, it seems restrictive to place sensing as a procedure only for Mode 2(a). Hence, we propose that sensing be studied as a mechanism to better the performance of Mode 2 as a whole.
Proposal 1: We propose to study sensing as a feature that can be employed beyond Mode 2(a).

Operation of Mode 2(d)
Initialization of Groups
The initialization of Mode 2(d) depends on the initialization of a group. This includes the formation of the group, the identification of the UEs within the group, as well as the possibility of the existence of a GL UE within the group. Based on the progress made in RAN2 and SA2, it is our understanding that the information regarding the group will be provided by higher layers [7]. This information would also include the possible addition of UEs to the group, the departure of UEs from the group, as well as any potential changes to the assignment of the GL UE.
Once the PHY layer receives information about the group, we believe it is the responsibility of RAN1 in this agenda item to explore and study the optimum resource allocation schemes for the group as a whole, as well as for individual transmissions among the UEs. This is covered in the following sections of this contribution. 
Observation 2: Information regarding the formation and structure of the group will be provided by higher layers. 

Role of Group Leader UE
Once the group has been formed and the GL UE has been designated to a particular group, the primary responsibility of the GL UE is to provide a subset of resources for all members of the said group. This is explained in Section 2.2.2 as well as in Section 4.3, where the GL UE selects a dedicated subset of resources. This ensures that there would not be any collision of resource allocation between groups, thereby achieving the required reliability requirements.
An added responsibility of the GL UE would be to explicitly allocate resources for each member UE from within the selected subset of resources. Although this increases the latency and signalling overhead, the reliability is further enhanced to avoid any collisions between group members.
Proposal 2: We propose that the group leader UE be capable of allocating a subset of resources to be used by the members of a group. It can also explicitly allocate resources for each member UE from the subset of resources.

Configuration of Resources for Groups
The first step for groupcast communications when operating in Mode 2 is for the UEs of a group to identify and configure a set of resources within which they can communicate with each other, while ensuring the QoS requirements are met.
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Figure 2: Configuration of set of resources for groupcast communications within the V2X resource pool

This is described in the following steps, assuming the presence of a GL UE.
· The GL UE will receive the scheduling requests from the member UEs, and based on these scheduling requests, will sense and identify a subset of resources to be used for the entire group.
· The size of the subset of resources can be altered in periodic intervals depending on the variable size of the group, as well as if certain group members request for more data for a given duration of time. 
· The group will retain the resource configuration of the subset of for a pre-defined duration of time. The resource configuration of this subset may be carried on when it enters the coverage area of a gNB.
The basic functionality of the resource configuration scheme within the subset of resources is depicted in Figure. 2.
Proposal 3: Study the benefits of configuring a subset of resources exclusively for a particular group of UEs carrying out groupcast communications.

Determination and Allocation of Resources for Groups
As described above, the subset of resources being used by the group will have attached to it a validity period. Once the validity period elapses, the GL UE allocates a new set of resources for the group based on the requests for resources sent in by the member UEs. The GL UE carries out this resource selection procedure using the following steps:
· The GL UE carries out the advanced sensing procedures across the previous time slots and selects resources for the entire group.
· Once selected, the GL UE will announce the information regarding the selected resources to the member UEs as well as to other GL UEs.
· This ensures that other GL UEs do not select overlapping resources for their own groups.
· The announcements can be carried out in periodic intervals, via the SCI.
· The selected resources have a validity period, based on a fixed time period, after which the GL UE will have to carry out the sensing and selection procedure again.
This procedure is depicted in Figure 3, where the GL UE of group 3 has its validity period for the group’s individual set of resources expiring at ta. Before the expiry at ta, the GL UE carries out sensing across the available resources and finds that the unallocated resources (a) are available. Once it determines the subset of resources to use after ta, its last announcement before ta will inform the member UEs and other UEs about the new subset of resources the group will be using, along with the validity of the new subset.
[image: ]
Figure 3: Selection of Subset of Resources by the Group Leader UE
Similarly at tb, the GL UE of group 1 also carries out the processes of sensing and determining a new subset of resources, followed by the announcement to the relevant UEs before tb.
It is also advantageous for some or all the group members to perform distributed sensing, especially for geographically distributed UE members. In this case, the member UEs send sensing reports to the GL UE in order to either assist the GL UE in selecting the resources for the entire group, or utilize the collected sensing measurement reports as is to select the resources for the entire group. 
Proposal 4: We propose that the determination of resources for the group be carried out by the GL UE, by carrying out advanced sensing and announcement procedures. It also attaches a validity to the selected set of resources.
Proposal 5: Study whether it is beneficial for the member UEs to send distributed sensing reports to the GL UE for selecting the group common resources.

Signalling Mechanism for Allocation of Resources for Groups
We propose that a UE is capable of allocating resources to other UEs based on their demands for resources. For example, in the case of groupcast communications, the GL UE is able to select resources for the entire group, as described in Section 4.1. As described in Section 2.1, it is possible to select resources from either a pool of TFRPs (similar to the Type-1 grant free RRC configured resources), the pre-configured resource pools (LTE V2X Mode 4-like pre-configurations) or any configured/granted but unused resources. Member UEs requiring resources send a request to the group leader UE, similar to that of a scheduling request (SR). The group leader uses this information to assist in allocation of resources for the member UEs. Member UEs can also assist the GL UE in the selection of resources for the group by providing sensing reports to the GL UE.
Coupled with the announcement of the selected resources to the entire group, the group leader UE provides a grant response (GR) in one of the two following ways:
[image: ]
Figure 4: Exchange of Scheduling Request and Grant Response between Group Leader UE and Member UEs

· Option 1: The group leader UE, based on the request for resources, allocates the resources to be used by the individual member UEs. The reliability of these resources are very high since they are individually allocated to each member UE. This option has the added advantage of avoiding the half-duplex issue where member UEs cannot transmit when receiving from another UE as well as collisions between member UEs attempting to transmit simultaneously.
· Option 2: The group leader UE informs the member UEs that they can carry out sensing within the set of selected resources for the group. Since only members of the group compete for these selected resources, the probability of collisions are low, and it avoids additional signalling overhead within the group.
These options are depicted in Figure 4.
Proposal 6: Study how control messages are scheduled between UEs in group communications.
Proposal 7: Study how to avoid half-duplex issues and inter-UE resource collisions in group communications.
Proposal 8: We propose to study further the benefits between the group leader UE explicitly allocating resources for the member UEs and the member UEs sensing and selecting their own resources, within the selected set of resources for the group.

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Conclusion
Based on our analysis carried out in this contribution, we have the following observations:
Observation 1: The operation of mode 2 can be divided into 2 phases: 
· Phase 1 involves the UEs determining a set of resources from within either (pre)-configured resource pools or an RRC configured TFRP pool. 
· Phase 2 involves the UE utilizing resources among this set (from Phase 1) for either its own autonomous transmissions, assisting other UEs, or explicitly scheduling other UEs on these resources.
Observation 2: Information regarding the formation and structure of the group will be provided by higher layers
Based on these observations, we propose the following:
Proposal 1: We propose to study sensing as a feature that can be employed across the Mode 2 sub modes.
Proposal 2: We propose that the group leader UE be capable of allocating a subset of resources to be used by the members of a group. It can also explicitly allocate resources for each member UE from the subset of resources.
Proposal 3: Study the benefits of configuring a subset of resources exclusively for a particular group of UEs carrying out groupcast communications.
Proposal 4: We propose that the determination of resources for the group be carried out by the GL UE, by carrying out advanced sensing and announcement procedures. It also attaches a validity to the selected set of resources.
Proposal 5: Study whether it is beneficial for the member UEs to send distributed sensing reports to the GL UE for selecting the group common resources.
Proposal 6: Study how control messages are scheduled between UEs in group communication.
Proposal 7: Study how to avoid half-duplex issues and inter-UE resource collisions in group communications.
Proposal 8: We propose to study further the benefits between the group leader UE explicitly allocating resources for the member UEs and the member UEs sensing and selecting their own resources, within the selected set of resources for the group.
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