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In RAN1 #94bis meeting, the following agreements related to resource allocation were made [1]: 
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)

In this contribution, we would like to discuss NR V2X sidelink resource allocation mechanisms.
Discussion on Mode 2
It was agreed that at least two resource allocation modes, Mode 1 and Mode 2, are considered in NR V2X. In Mode 1, base station schedules sidelink resource to be used by UE for sidelink transmission, which can be regarded as centralized scheduling method. In Mode 2, UE determines sidelink transmission resource within sidelink resource configured by base station or pre-configured sidelink resources. There are four possible sub-modes in Mode 2: (a) UE autonomously selects sidelink resource for transmission, (b) UE assists sidelink resource selection for other UEs, (c) UE is configured with NR configured grant for sidelink transmission, and (d) UE schedules sidelink transmissions of other UEs. In the following sections, we will discuss on these four sub-modes.
Discussion on Mode 2 (a)
Mode 2(a) is UE autonomously selects sidelink resource for transmission. 
How to identify occupied sidelink resources
In LTE V2X, semi-static sensing results are used for identifying the occupied sidelink resources for periodic traffic with same packet size. However, NR V2X advanced safety messages can be aperiodic and have varying packet sizes. Therefore, a new sensing method should be introduced in NR V2X.
For resource pool configuration, we assume LTE V2X subchannel concepts can be brought in NR V2X. The NR V2X advanced safety messages might be aperiodic, periodic, of fixed packet sizes, or of varying packet sizes. If resource pools are independent for periodic and aperiodic traffics, LTE V2X semi-static sensing method can be reused for periodic traffics in NR V2X and a new sensing method would be designed for aperiodic traffics in NR V2X. On the other hand, if resource pools are shared for periodic and aperiodic traffics, a new unified sensing method should be designed for NR V2X.
Proposal 1: If resource pools are shared for periodic and aperiodic traffics, a new unified sensing method should be designed for NR V2X.
In LTE V2X, sidelink measurements, decoded information of sidelink control channel, and detection of sidelink transmissions are used for identifying occupied resources. In NR V2X, similar concepts can be applied with modifications. 
For sidelink measurements, semi-static/long term sensing as LTE V2X can be reused and a new short term sensing method should be introduced. 
Decoded information of sidelink control channel should include resource allocation and resource reservation.
For detection of sidelink transmissions, LTE V2X mechanism can be reused.
Proposal 2: Long term and short term sensing methods, decoded resource allocation and resource reservation information in control channel, as well as detection of sidelink transmissions should be introduced in NR V2X.
Sidelink resource selection   
In Mode 2(a), a UE can identify the occupied resource by the information shown in section 2.1.1 first and then choose all or part available resources can fit to the size of SCI and data payloads and pass the information to MAC layer to do resource selection. 
Discussion on Mode 2(b)
Mode 2(b) is that UE assists sidelink resource selection for other UEs. Mode 2(b) can be jointly considered with Mode 2(d) and be merged with Mode 2(d). In Mode 2(d), several UEs are formed into a group and one scheduler UE would schedule resources for other UEs based on some rules and UE assistance information. Assistance information include location, velocity, priority of traffic, channel occupancy ratio, and RSRP. 
Proposal 3: Mode 2(b) can be part of Mode 2(d).
For location information, the scheduler UE collects the location information from the UEs’ scheduling requests to decide whether this UE can be a member of the cluster. If the velocity of the scheduler UE is lower than a threshold, the scheduler UE would grant the request of scheduling of those UEs with low velocity to form a static group.
For velocity information, the scheduler UE collects the velocity information from the UEs’ scheduling requests and the member UEs in the cluster to decide whether the UEs can be a member of this cluster. A cluster with similar velocity can avoid frequently handover and members change. The procedure of deciding the members a cluster can be
A UE not in the cluster sends resource scheduling request to the scheduler UE and the velocity of the scheduler UE is V,
· If the velocity of this UE is between V-X and V+X with preconfigured threshold X, 
· The scheduler UE grants the resource scheduling of this UE following the procedure in section 2.4.3.3.
· Else the velocity of this UE is not between V-X and V+X,
· The scheduler UE rejects the resource scheduling of this UE to join this cluster.
A UE in the cluster sends the velocity information to the scheduler UE to keep the connection with the scheduler UE and the velocity of the scheduler UE is V,
· If the velocity of this UE is between V-X-Y and V+X+Y, Y is a hysteresis
· The scheduler UE sends a keep alive command to this UE.
· Else the velocity of this UE is not between V-X-Y and V+X+Y,
· The scheduler UE sends a leaving command to this UE.
· This UE receives the leaving command then sends an ACK message to the scheduler UE and leaves the cluster.
· The scheduler UE receives the ACK message and remove this UE from member list of the cluster.
For priority of traffic information, the scheduler UE can use the priority information to schedule resource for high priority request first.
For channel occupancy ratio information and RSRP information, the scheduler UE uses these information to manage the cluster based on the procedures in sections 2.4.3.3 – 2.4.3.6.
Proposal 4: In Mode 2(b), location, velocity, priority of traffic, channel occupancy ratio, and RSRP information can be the assistance information in NR V2X.
If assistance information size is small, it can be carried by PSCCH or PSSCH. On the other hand, if assistance information size is large, it should be carried by PSSCH. 

Discussion on Mode 2(c)
In Mode 2(c), UE uses configured grant for sidelink transmission. It is more suitable for periodic data transmission with short latency and low overhead. 
If resource pools are granted, UE needs further sensing to select the resource for transmission. This case can be regarded as Mode 2(a).  If exact resource allocations are configured, the flexibility is limited and this case is only suitable for periodic traffic with fixed or similar packet sizes. For aperiodic traffic, UE can use the nearest following opportunity to transmit data. If the periodicity of configured grant is long, latency requirement might not be met. On the other hand, short periodicity of configured grant can meet latency requirement but introduce low resource utilization efficiency.
If UE is in coverage, the configured resource can be semi-statically assigned by gNB and collision of resources with other UEs can be avoided by gNB scheduling. However, this scenario can be regarded as Mode 1. If UE is out of coverage, the resource should be pre-configured. It is inevitable that two UEs might select the same preconfigured resource and collision would happen for a long duration. 
Observation 1: The benefit of Mode 2(c) is not clear. 
Proposal 5: Mode 2(c) needs more evaluations to justify the benefit. 
Discussion on Mode 2(d)
Use cases and scenarios
Platooning is one important use case in NR V2X. Platoon lead can use unicast or multicast transmission to communicate with platooning members. The use case of Mode 2(d) is not only limited to platooning. 
In LTE V2X, distributed scheduling is used for resource allocation in mode 4. In low or medium traffic load condition, distributed scheduling (Mode 2(a)) can have good performance with low collision probability. However, distributed scheduling has worse performance than centralized scheduling (Mode 2(d)) when the traffic load under local area is high. Therefore, a cluster can be formed while the traffic load is high and one scheduler UE can use Mode 2(d) to help schedule the resource to avoid high collision probability. On the other hand, the cluster can be dismissed and the members will use Mode 2(a) when the traffic load becomes low. The switching metric between Mode 2(a) and Mode 2(d) can be channel occupancy ratio or some factors that can reflect the traffic load.
Proposal 6: Switching between Mode 2(a) and Mode 2(d) can depend on channel occupancy ratio or traffic load. 
Architecture
The architecture of Mode 2(d) is shown in Fig. 1. Mode 2(d) could take either of two forms, depending on the level of involvement of the gNB.  In form 1, scheduler UE requests the resource for scheduling and obtains a grant of resources from gNB via Uu interface. In form 2, scheduler UE uses the pre-configured resources for scheduling. In either form, there is a scheduler UE that is responsible for communicating the resource allocation to the member UE that requires the resources via sidelink interface.  In partial-coverage cases, the scheduler UE would be expected to be in coverage of the gNB while the member UE could be outside coverage. Member UE gets the resource and uses this resource for control/data transmission via sidelink interface. 
Whether a UE can be a scheduler UE depends on its capability.


Figure 1: Architecture for Mode 2(d) 
Procedures
In Mode 2(d), several UEs can be grouped into a cluster and a scheduler UE can request or reserve a resource pool from gNB and then schedule to UEs based on the scheduling request from UEs. When compared with Mode 1, scheduler UE can sense the resource utilization condition of local area and have better resource utilization knowledge than base station.  Of course, scheduler UE or base station can also collect the sensing results from UEs to assist resource allocation. In the following subsections, procedures related to Mode 2(d) will be described.
Procedure of resource scheduling in Mode 2(d)
In Fig. 2 (a), a scheduler UE sends resource request to gNB and gNB grants the resources for scheduler UE. Member UE 1 sends scheduling request with buffer status report (BSR) to scheduler UE and scheduler UE grants the resource. Member UE 1 uses the granted resource for control/data transmission.
In Fig. 2 (b), a scheduler UE uses the preconfigured resources for scheduling. Member UE 1 sends scheduling request with buffer status report (BSR) to scheduler UE and scheduler UE grants the resource. Member UE 1 uses the granted resource for control/data transmission.
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Figure 2: Procedure of Mode 2(d) for resource scheduling
Procedure of selecting scheduler UE
gNB preconfigures a UE as scheduler UE. Note that RSU or platoon lead can be preconfigured as a scheduler UE.
gNB detects channel occupancy ratio is larger than a threshold then assigns one UE as scheduler UE. gNB should be able to assign multiple scheduler UEs for different areas in its coverage.
A UE measures channel occupancy ratio around, if channel occupancy ratio is larger than a preconfigured threshold or UE has high throughput or large size packet to be transmitted demand.
· This UE detects any scheduler UE exists, if scheduler UE exists,
· If there are multiple scheduler UEs,
· This UE selects the scheduler UE with largest RSRP or randomly selects one scheduler UE. 
· Then this UE sends a scheduling request with BSR to the selected scheduler UE for requesting resources.
· The scheduler UE received the request and then grant resources for this UE.
· This UE uses granted resource to transmit data.
· Else there is only one scheduler UE detected,
· This UE sends a scheduling request with BSR to the selected scheduler UE for requesting resources.
· The scheduler UE received the request and then grant resources for this UE.
· This UE uses granted resource to transmit data.
· Else there is no scheduler UE exists, 
· If this UE has capability to be a scheduler UE,
· This UE raises to be the scheduler UE and randomly select a cluster ID.
· If this UE is in-coverage, this UE sends information to gNB to request to be a scheduler UE,
· If gNB grants the request,
· This UE is promoted as scheduler UE.
· Cluster ID is assigned by gNB.
· Else gNB does not grant the request or this UE does not receive the grant,
· This UE still keeps in current transmission mode (e.g. Mode 2(a)).
· Else this UE is out-of-coverage, 
· This UE is promoted as a scheduler UE. 
· This UE broadcasts the cluster ID and related information.
· This UE uses preconfigured resources for scheduling.
· Else this UE has no capability to be a scheduler UE,
· This UE stays in current transmission mode (e.g. Mode 2(a)).
Note that a scheduler UE would periodically broadcasting cluster information to inform other UEs the existence of a cluster.
Procedure of a UE joining a cluster
A UE measures channel occupancy ratio around, if channel occupancy ratio is larger than a preconfigured threshold,
· This UE detects any existing scheduler UE, if the scheduler UE exists,
· If there are multiple scheduler UEs and no preferred scheduler UE, (preferred scheduler UE means some properties of the scheduler UE are similar to those of this UE, e.g., near geographical location, similar velocity, same direction) 
· This UE selects the scheduler UE based on receiving RSRP, velocity, and location of the scheduler UEs. 
· This UE sends the sensing occupied resource information and a request to scheduler UE for joining the cluster. 
· If the scheduler UE grants this UE to join the cluster,
· This UE is to be the member of the cluster.
· The UE follows the resource scheduling rule of the cluster for data transmission.
· Else the scheduler UE does not grant this UE to join the cluster,
· This UE stays in current transmission mode.
· Else there is preferred scheduler UE or only one scheduler UE,
· This UE sends the sensing occupied resource information and a request to scheduler UE for joining the cluster. 
· If the scheduler UE grants this UE to join the cluster,
· This UE is to be the member of the cluster.
· The UE follows the resource scheduling rule of the cluster for data transmission.
· Else the scheduler UE does not grant this UE to join the cluster,
· This UE stays in current transmission mode.
· Else there is no scheduler UE exists
· This UE follows subsection 2.4.3.2 procedure to become a scheduler UE
Note that the scheduler UE has full control of the reported communication resources from its members and the member UE cannot perform resource selection on the communication resource shared within the cluster for transmission. But the member UE can receive the signals from any configured receiving resource pools.
Procedure of a UE leaving a cluster
A UE measures channel occupancy ratio around and the RSRP of the scheduler UE, if channel occupancy ratio is smaller than a preconfigured threshold or the RSRP of the scheduler UE is smaller than a preconfigured threshold,
· This UE sends a leaving command signal to inform the scheduler UE that it will leave the cluster and starts a timer.
· If the scheduler UE grants the leaving command, <step A>
· This UE returns to previous transmission mode (e.g., Mode 2(a)).
· Else this UE does not receive the grant from the scheduler UE,
· If the timer is expired,
· This UE returns to previous transmission mode (e.g., Mode 2(a)).
· Else this UE continues sending the leaving command to the scheduler UE periodically
· This UE stays in the cluster, follows the rule of resource allocation of the cluster, and go to <step A>.
The scheduler UE sets a timer for a member UE, 
If the scheduler UE receives scheduling request from this member UE <step B>.
· The scheduler UE resets the timer and go to <step B>.
Else the scheduler UE does not receive scheduling request from this member UE and the timer is expired,
· The scheduler UE removes this member UE from members list and inform this UE.
Procedure of scheduler UE handover the right to a member
If the scheduler UE wants to leave the cluster, gets off the highway, changes destination, detects the X percentile of the cluster members’ RSRP is less than a threshold, or some reasons, the scheduler UE would like to handover the right to a member in the cluster. 
The scheduler UE sets a timer,
· The scheduler UE selects one UE with largest RSRP, one nearest UE, one UE with similar velocity, or random one, <step C>
· The scheduler UE sends the handover command to the selected UE, if the selected UE grants the handover command,
· This selected UE is promoted as a scheduler UE with the same cluster ID.
· Else the scheduler UE does not receive the handover grant from the selected UE and the timer is not expired,
· This scheduler UE go to <step C>.
· Else the scheduler UE does not receive the handover grant from the selected UE and the timer is expired,
· This scheduler UE sends a dissolution signal to inform the members that the cluster is dissolved.
Procedure of UE handover to another cluster
If a UE is in one cluster and detects another scheduler UE(s) from other clusters, 
· This UE uses the information of RSRP, location, and velocity from other scheduler UEs to determine whether to handover to another cluster. 
· If this UE decides to handover to another cluster,
· This UE starts a timer.
· This UE sends leaving command to current scheduler UE and follows subsection 2.4.3.4 procedure to leave the current cluster.
· The UE sends joining command to the selected scheduler UE and follows subsection 2.4.3.3 procedure to join the selected cluster.
· If this UE has received the grant of leaving command or satisfies the leaving conditions,
· If this UE has received the grant of joining command,
· This UE joins the new cluster. 
· Else the timer is expired,
· This UE returns to original transmission mode (e.g. Mode 2(a))
· Else this UE does not receive the grant of leaving command
· This UE keeps the connection with current scheduler UE.
Procedure when the scheduler UE disappears 
If a UE is a member of a cluster but cannot receive signal from the scheduler UE,
· This UE sets a time and keeps listening to the scheduler UE.
· If this UE receives signal from the scheduler UE, <step D>
· This UE is still a member of this cluster.
· Else this UE does not receive signal from the scheduler UE and the timer is expired, 
· This UE leaves the cluster.
· Else this UE does not receive signal from the scheduler UE and the timer is not expired,
· This UE is still a member of this cluster and go to <step D>.
Procedure of cluster dissolution
If the scheduler UE detects channel occupancy ratio of its resource is less than a threshold,
· This scheduler UE sends a dissolution signal to inform the members that the cluster is dissolved.
Resource pool configuration and selection
In Mode 2 (d), resource pool can be assigned by gNB or preconfigured. To minimize the inter-UE interference, orthogonal resource pools can be used for two neighbouring clusters. The resource pool configuration can also be based on the UE assistance information, such as location, velocity, priority of traffic, channel occupancy ratio, and RSRP. Similar to LTE V2X, location information for NR V2X is helpful to utilize the frequency reuse concept and minimize inter-UE interference. In Mode 2(d), we assume two scheduler UEs would not directly communicate for resources coordination to minimize specification impact. In order to reduce the handover probability of the members in a cluster, similar velocity UEs are suggested to be formed into a group. The detailed procedures can be referred to section 2.2. Switching between high velocity and low velocity clusters, hysteresis can be used for reducing the switching probability to prevent ping-pong effect. Here, the resource pools we mentioned are related to transmission resource pools, For the UEs in different velocity groups, these UEs should listen to reception resource pools, which are super sets of the transmission resource pools. It would prevent the UE missing some important safety messages from other resource pools. 
Proposal 7: Transmission resource pools can be sub-sets of reception resource pools. 
[bookmark: _GoBack]When a UE in the cluster detects two scheduler UEs, this UE should send the RSRP, velocity, location and resource pool configuration information to the belonged scheduler UE. The scheduler UE can use the information to decide whether to change resource pool settings to minimize inter-UE interference.
Based on the above analyses, we have the following proposal: 
Proposal 8: Mode 2 (d) should be supported in NR V2X.

Conclusion
The following summarizes the observations and proposals in this contribution.
Observation 1: The benefit of Mode 2(c) is not clear. 
Proposal 1: If resource pools are shared for periodic and aperiodic traffics, a new unified sensing method should be designed for NR V2X.
Proposal 2: Long term and short term sensing methods, decoded resource allocation and resource reservation information in control channel, as well as detection of sidelink transmissions should be introduced in NR V2X.
Proposal 3: Mode 2(b) can be part of Mode 2(d).
Proposal 4: In Mode 2(b), location, velocity, priority of traffic, channel occupancy ratio, and RSRP information can be the assistance information in NR V2X.
Proposal 5: Mode 2(c) needs more evaluations to justify the benefit. 
Proposal 6: Switching between Mode 2(a) and Mode 2(d) can depend on channel occupancy ratio or traffic load. 
Proposal 7: Transmission resource pools can be sub-sets of reception resource pools. 
Proposal 8: Mode 2 (d) should be supported in NR V2X.
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