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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 RAN1 Ad-Hoc Meeting 1901 in Taipei, the following agreements were made [2]:
· [bookmark: OLE_LINK15][bookmark: OLE_LINK16]Mode-2 supports the sensing and resource (re)-selection procedures according to the previously agreed definitions. 
· FFS resource granularity for sensing & resource (re)-selection, e.g., PRB(s), slots, resource patterns (when applicable), etc.
· FFS detailed conditions when these procedures can apply
· Sub-channel based resource allocation is supported for PSSCH
· FFS details for sub-channels
· FFS other use cases for sub-channel (e.g., measurement, interaction with PSCCH, etc.)
· SCI decoding applied during sensing procedure provides at least information on sidelink resources indicated by the UE transmitting the SCI
· For the purpose of performance evaluation for Mode-2(c), the following Mode-2(c) transmission pattern selection is used when a UE is configured with a pool of patterns:
· Sensing based pattern selection (e.g. UE selects unused pattern based on sensing results) 
· Additional information to assist pattern selection is not precluded, e.g., by using UE geographical location information
· At least for the purpose of evaluation, in Mode-2(d), at least for group operation, 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

In the previous meeting, the proponents supporting Mode 2(d) had achieved a consensus on the operation and resource allocation mechanisms, which is described below [3].
	· 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



Based on the consensus and the agreements made, this contribution focuses on the evaluation of the resource configuration, selection and allocation procedures for Mode 2(d).
Overview of Mode 2(d)
In order to simplify the operation of Mode 2(d) as a whole, it can be divided into three phases – configuration of resources to be used for groupcast communications within the SL BWP, selection of resources from the provided configuration and the allocation of resources for each group member from the selected resources.
Phase 1 - Configuration of Resources
The configuration of resources within the SL BWP which are to be used for groupcast communications is provided by the gNB, similar to the operation of LTE V2X. This can be carried out either via broadcast signalling (via SIB), which caters to UEs in connected as well as idle/inactive states, as well as via dedicated signalling (via RRC), catering to UEs only in the connected state. The configuration procedures and options described in this section do not pertain only to groupcast communications, but is a common procedure across communication types.
Configurations when In- and Out-of-Coverage
When the group is out-of-coverage, the UEs use pre-configured resources to carry out groupcast communications. However, when the group is in-coverage, the gNB can configure dedicated resources for a particular group, apart from providing pre-configured resources as well. From these configured resources, the Group Leader (GL) UE can then select and allocate resources individually for each member UE, the details of which are described in Section 2.2 and 2.3 respectively.
Using Pre-Configured Resource Pools
Resources to be used for PC5 communications are pre-configured in every vehicular modem, similar to the functioning in LTE V2X. The pre-configured resources are used when the UEs are out-of-coverage and has not come in coverage with a gNB. When the UEs come in coverage with a gNB, the pre-configuration is updated, depending on the state of the UEs (connected, idle or inactive). These updated pre-configurations are then used when the UEs move out of the coverage area of the gNB.
Using Network Configured Resource Pools
If the group is functional when in-coverage with a gNB, the network can provide a dedicated resource pool to be used for communications exclusively within the group. At this point in time, the gNB is aware of the resource requirements of the group UEs, and can accordingly configure a resource pool for a particular group. This ensures that the resources used by different groups are orthogonal and do not collide with each other.
When the group moves out of the coverage area of the gNB, there can be a timer attached to the validity of the configured resources. Once the validity expires, the group would have to fall back to the pre-configured resources.
Observation 1: Based on whether the group starts communicating while in- or out-of-coverage of the gNB, the UEs can use either the network provided resource configurations, or the pre-configured resources, respectively.
Types of Resource Configuration Definitions
The set of resources that are configured for a group may be either the legacy resource pools used in LTE V2X, or a pool of time-frequency resource patterns (TFRPs).
Resource Pools 
Resource pools used in LTE V2X are a set of time and frequency resources that have been reserved to be used only for vehicular communications. According to the agreements made in the last meeting, across time, the UE is provided with discontinuous time resources, and across frequency, the resource pool is defined across either contiguous or non-contiguous RBs.
The resource pools may be common to all communication types, or dedicated for groupcast communications alone. In either of the cases, the GL UE would have to select the resources within this pool for the member UEs to carry out group communications.
TFRPs
The using of a 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, as being discussed in Mode 2(c) and in other contributions [4, 5]. Once the UEs in a group are aware of the pool of TFRPs, the GL UE can determine a set of TFRPs to be used by the member UEs.
Observation 2: The configuration of resources can be defined either as legacy resource pools used in LTE V2X, or as TFPR pools.
Shared and Dedicated Resource Pools based on Communication Type
These configured resource pools or TFRP pools may be shared across different communication types, or could be dedicated for groupcast communications alone.
Common Resource Pool for all Cast Types
The use of a common resource pool which is shared across UEs carrying out broadcast, groupcast and unicast would be beneficial in terms of the flexibility and performance of resource utilization. However, the UEs would have to compete for the same set of resources.
Dedicated Resource Pool for Groupcast Communications
Configuring a dedicated set of resources for groupcast communications would enable UEs to ensure that resources would be available for selection and allocation. This would enable the achieving of the higher QoS requirements attached to groupcast communications. Also, since the resource pool would support feedback, it would be advantageous to differentiate this pool from that of the pool used for broadcast communications.
Observation 3: The resources configured can be either common for all communication types, or dedicated for groupcast communications.
Proposal 1: The procedure for configuring resources to be used for groupcast communications is common across all Mode 2 UEs.

Phase 2 - Selection of Resources
Based on the configuration of resources provided to the UEs for groupcast communication, either a resource pool or a TFRP pool, UEs will now have to select resources from within the configured set of resources for carrying out communications among the members.
In the presence of a GL UE, instead of each member UE carrying out the selection process for its transmissions among the members, the GL UE can select resources for the member UEs of the entire group. The advantage of the GL UE selecting resources is that given the stable group organization provided by higher layers, the GL UE can select the resources in a static/semi-persistent manner. This would remove the need for individual members to carry out the selection process for each transmission within the group.
In the case where the gNB has configured a resource pool for the group, the GL UE would not need to carry out any selection procedures, but instead forward this configuration to the member UEs. Using this configuration, the GL UE would need to simply carry out the allocation procedure, described in Section 2.3.
In order to select resources for the member UEs, the GL UE first needs to be made aware of the amount of resources the member UEs would need for their transmissions. This is carried out using scheduling requests, based on which the GL UE will select resources using advanced sensing procedures. This is described in the following sections.
Member UEs Request GL UE for Resources
In order to select resources for the group member UEs, the member UEs will send scheduling requests to the GL UE. Based on these scheduling requests, the GL UE will carry out selection procedures to determine the amount of resources required by the member UEs.
The GL UE will select resources for the member requesting resources in a sequential first-come-first serve basis. The member UEs will request the GL UE for resources, following which the GL UE will select and provide allocation details to the member UEs. The GL UE will not wait for all requests to come in, but would rather select resources as the requests are made.
Based on these requests, the GL UE would be aware of the resources required for the group for a given period of time. The selected 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 selected resources provided by the GL UE for a pre-defined duration of time, or validity period. Once the validity period elapses, the GL UE selects 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 reselection procedure using the following steps:
· The GL UE carries out the selection 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.
· They are carried out in a similar fashion as the pre-emptive reservation of resources, in order to ensure that the resources remain exclusive to the group.
· They can also be carried out using RRC signalling.
· The selected resources have a validity period, based on a fixed time period, after which the GL UE will have to carry out the selection procedure again.
This procedure is depicted in Figure 1, 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. 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.
[image: ]
Figure 1: Selection of Subset of Resources by the Group Leader UE
Observation 4: The GL UE selects resources as soon as the member UE sends a scheduling request, thereby not adding any additional latency. The GL UE then announces these selected resources to the other UEs, so that there is no overlap in resource allocation.
Selection by GL UE Based on Sensing
The selection procedure carried out by the GL UE is based on the advanced sensing procedures. 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]. This will enable the GL UE to determine available resources to be used by the group members for communication.
It is advantageous for the GL UE to carry out the sensing and selection procedure for the entire group primarily because it can aptly determine the resources available for the member UEs in the periphery of the group. With the GL UE being placed in the center of the group, its sensing results will correctly ascertain the availability of resources even for member UEs placed at opposite ends of the group. In the absence of a GL UE, edge member UEs will not be able to successfully sense and select available resources for communications with each other.
A practical example to depict this scenario is a 10 truck long platoon, which is a maximum length example, with the GL UE placed in the middle of the platoon. The standard semi-trailer length in the EU is up to 18.75m, but can go up to 22m in other regions. Taking an average length of 20m for a truck, with a minimum distance of 5m between the trucks, the overall length of the platoon is 245m. With the GL UE placed in between, the maximum distance for which it will have to carry out sensing for the member UEs is only approximately 140m. This would mean that the GL UE would be more successful in sensing and selecting available resources for edge UEs, as compared to them individually sensing over the entire distance of the platoon.
In the case where the GL UE senses and detects that there are not sufficient resources based on the requests by the member UEs, the GL UE has the capability to inform the member UEs that only limited resources are available and that transmissions will have to be prioritized. This would mean that the GL UE will provide resources to member UEs for requests of high priority transmissions, ensuring their reliability and timely reception. For low priority transmissions, it is possible for the member UEs to sense on their own and decide based on the available resources.
This is opposed to each member UE sensing on their own, resulting in the UEs sensing initially being able to transmit high and low priority transmissions, but UEs sensing later finding out that there are not adequate resources available even for high priority transmissions.
Observation 5: The GL UE carries out advanced sensing procedures to select resources, its position being optimal to select available resources even for edge member UEs. The GL UE is also capable of managing resources in times of insufficient available resources.
Proposal 2: We propose that the GL UE carries out the resource selection for the member UEs since it can effectively manage the varied positions and demands of the member UEs.

Phase 3 - Allocation of Resources
Once the resources to be used by the group have been selected by the GL UE, or configured by the gNB, the third and final phase is to allocate these resources to the member UEs, based on their requests. The GL UE informs the member UEs of the allocation of resources using PC5 RRC signalling in a unicast manner, with the GL UE individually informing the member UEs based on their individual requests. This can be carried out in the following two methods.
Sensing “on”
If the resource pool is configured by the gNB, or if the GL UE has selected a resource pool for the entire group, the GL UE will instruct the member UEs to carry out sensing within this pool of resources for individual transmissions among the members.
The advantage of this method is that the member UEs now carry out sensing only within a pool of resources which are dedicated for the group. Hence it will compete for resources only with other members within the group, ensuring high reliability as well as reducing any additional signalling overhead. 
Sensing “off”
In this method, the GL UE will individually signal to the member UEs the resources they must utilize for communications within the group, without any further sensing. These signaled resources are meant to be used only for the given member UE, and is orthogonal to the resources allocated to other member UEs.
Although this method involves the added signalling procedure, it ensures complete reliability in the resources which are allocated, as well as alleviates the need for the member UEs to carry out any further sensing procedures.
In the edge case where the member UEs do not receive the signalling from the GL UE, the member UEs will fall back to the default case of sensing and selecting of resources on its own.
Observation 6: The option to switch sensing “on” or “off” implicitly indicates to the member UE as to whether the selected resources are to be shared among members or if the resources are dedicated for the member UE, respectively.
An overview of the 3 phases is depicted in Figure 2.
[image: ]
Figure 2: Overview of Mode 2(d) with a GL UE
Proposal 3: We propose that the GL UE has the capability to allocate resources for the member UEs, with the option to switch sensing “on” or “off”, depending on whether the resources are shared or dedicated.

Comparison of Operations of Groupcast with and without GL UE
Based on the procedures for the operation of groupcast communications with the presence of a GL UE described in the above sections, this section evaluates the advantages of the GL UE as compared to a system without a GL UE, where the member UEs of a group are left to select resources on their own.

	Scenario
	With GL UE
	Without GL UE

	Sensing effort within resource pool 
	Only the GL UE will need to sense the entire resource pool, will select resources for the member UEs based on the scheduling requests, when sensing is set to “off”.
	Each member UE will have to sense the entire pool to select resources for its transmissions.

	Reliable determination of available resources within resource pool
	The GL UE can successfully determine the available resources even for edge member UEs communicating with each other.
	An edge member UE may select a resource which it sees available, but in reality is being occupied, with respect to another edge member UE, causing collisions.

	Lack of available resources within resource pool
	The GL UE has the capability to inform the member UEs that only limited resources are available and that transmissions will have to be prioritized.
	Member UEs sensing initially will be able to transmit high and low priority transmissions, but UEs sensing later will not have adequate resources available even for high priority transmissions.

	Reliability of selected resources
	The GL UE will ensure that the resources allocated to each member UE is orthogonal when sensing is set to “off”. It also ensures with the announcement message that no other GL UE selects the same resources.
	Member UEs compete for resources with other UEs which may or may not belong to the group, resulting in collisions.

	Time taken for selection of resources
	The GL UE will sense and select resources for member UEs once the request is made. The additional time taken is only for the GL UE to receive the scheduling request and send the allocation information to the member UEs, which is handled by RRC signalling.
	Member UEs can sense and select without any request being sent.

	Overhead due to signalling exchanges
	Member UEs will have to send scheduling requests to the GL UE, followed by the GL UE providing the allocation of resources to the member UEs. It is marginal due to the signalling taking place via RRC. This impact is further reduced when the GL UE provides resources for SPS transmissions.
	Member UEs have no signalling exchange as they sense and select on their own.



Table 1: Comparison of NR V2X systems with and without GL UEs

Proposal 4: Based on the analysis of NR V2X systems with and without a GL UE, we propose that a GL UE be used for the efficient resource management of a group.

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Conclusion
Based on our analysis carried out in this contribution, we have the following observations:
Observation 1: Based on whether the group starts communicating while in- or out-of-coverage of the gNB, the UEs can use either the network provided resource configurations, or the pre-configured resources, respectively.
Observation 2: The configuration of resources can be defined either as legacy resource pools used in LTE V2X, or as TFPR pools.
Observation 3: The resources configured can be either common for all communication types, or dedicated for groupcast communications.
Observation 4: The GL UE selects resources as soon as the member UE sends a scheduling request, thereby not adding any additional latency. The GL UE then announces these selected resources to the other UEs, so that there is no overlap in resource allocation.
Observation 5: The GL UE carries out advanced sensing procedures to select resources, its position being optimal to select available resources even for edge member UEs. The GL UE is also capable of managing resources in times of insufficient available resources.
Observation 6: The option to switch sensing “on” or “off” implicitly indicates to the member UE as to whether the selected resources are to be shared among members or if the resources are dedicated for the member UE, respectively.
Based on these observations, we propose the following:
Proposal 1: The procedure for configuring resources to be used for groupcast communications is common across all Mode 2 UEs.
Proposal 2: We propose that the GL UE carries out the resource selection for the member UEs since it can effectively manage the varied positions and demands of the member UEs.
Proposal 3: We propose that the GL UE has the capability to allocate resources for the member UEs, with the option to switch sensing “on” or “off”, depending on whether the resources are shared or dedicated.
Proposal 4: Based on the analysis of systems with and without a GL UE, we propose that a GL UE be used for the efficient resource management of a group.
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