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In RAN1 #95 meeting, the following agreements related to resource allocation were made [1]: 
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 submodes 

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. Mode 2(b) was agreed as not a standalone mode and should be combined with other Modes. In the following sections, we will discuss on the procedure and mechanism for Mode 2.
Discussion on Mode 2(a)
Mode 2(a) is UE autonomously selects sidelink resource for transmission. 
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 into 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.
Sensing procedure
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. 
Information extracted from SCI decoding should include time/frequency resource allocation, resource reservation, and priority of packet.
For sidelink measurements, semi-static/long term sensing as LTE V2X can be reused and a new short term sensing method should be introduced. 
For detection of sidelink transmissions, LTE V2X mechanism can be reused.
Proposal 1: 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.
Resource selection procedure
In Mode 2(a), a UE can identify the occupied resource by the sensing procedure 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. One of NR V2X requirement is to support high connection density for congested traffic [2]. One example for worst case is 3100 to 4300 cars per square kilometer. The connection density in NR V2X is higher than that in LTE V2X and thus LTE V2X resource selection method should be modified.
IBE (In-Band Emission) would impact the system performance, if two near-far UEs use adjacent resource. In LTE V2X, IBE might not be a problem with sparse traffic. However, IBE influence would be significant in NR V2X congested traffic case because two near-far UEs have higher probability to be allocated with adjacent resource. One method to alleviate IBE problem is to allocate adjacent resource for two nearby UEs. Therefore, one weighting function can be provided with available resources and send to MAC layer. Higher weight is assigned to the resource near the occupied resource with smaller RSRP difference between UE and occupied resource.
Proposal 2: To alleviate IBE problem, two nearby UEs’ resources can be allocated adjacently. One weighting function can be introduced to resource selection procedure to indicate RSRP difference between UE and occupied resource.
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 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. To reduce the collision probability, Mode 2(c) needs a lot of resource patterns. If there are M resource patterns and the UE does not perform sensing to choose the resource pattern randomly, the collision probability of two UE is about 1/M when the resource is not crowded. Collision probability is lower with higher M.  If there are not a lot traffic or the transmission period is much larger than the period of preconfigured resource pattern, the reserved resource (patterns) would be wasted and results in low resource utilization efficiency. Moreover, the collision probability is not inversely proportional to M and would be very high, if the UE is in congested traffic. Therefore, sensing is needed for Mode 2(c). This case can be regarded as Mode 2(a) with preconfigured resource pools. 
Observation 1: The benefit of Mode 2(c) is not clear. 
Proposal 3: Mode 2(c) needs more evaluations to justify the benefit. 
Discussion on Mode 2(d)
In this section, we would like to discuss the detailed design of Mode 2(d) and answer the open questions raised in RAN1#95 meeting.
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. But 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. Fig. 1 [3] shows the PRR performance of centralized scheduling method has better performance gain 10%~30% than distributed scheduling method. Therefore, a cluster can be formed while the traffic load is high and one scheduling 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.
Observation 2: Centralized scheduling method (Mode 2(d)-like) outperforms distributed scheduling method (Mode 2(a)-like). 
Proposal 4: Switching between Mode 2(a) and Mode 2(d) can depend on channel occupancy ratio or traffic load. 
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Figure 1: Performance comparison between distributed and centralized scheduling methods. [3]
Architecture
The architecture of Mode 2(d) is shown in Fig. 2. Mode 2(d) could take either of two forms, depending on the level of involvement of the gNB.  In form 1, scheduling UE requests the resource for scheduling and obtains a grant of resources from gNB via Uu interface. In form 2, scheduling UE uses the pre-configured resources for scheduling. In either form, there is a scheduling 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 scheduling 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 scheduling UE depends on its capability.
Proposal 5: Whether a UE can be a scheduling UE depends on its UE capability.


Figure 2: Architecture for Mode 2(d). 
Procedures
In Mode 2(d), several UEs can be grouped into a cluster and a scheduling 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, scheduling UE can sense the resource utilization condition of local area and have better resource utilization knowledge than base station. Note that we assume base station has a lager coverage than scheduling UE. Of course, scheduling 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. 3 (a), a scheduling UE sends resource request to gNB and gNB grants the resources for scheduling UE. Member UE 1 sends scheduling request with buffer status report (BSR) to scheduling UE and scheduling UE grants the resource. Member UE 1 uses the granted resource for control/data transmission.
In Fig. 3 (b), a scheduling UE uses the preconfigured resources for scheduling. Member UE 1 sends scheduling request with buffer status report (BSR) to scheduling UE and scheduling UE grants the resource. Member UE 1 uses the granted resource for control/data transmission.
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Figure 3: Procedure of Mode 2(d) for resource scheduling.
Procedure of selecting scheduling UE
gNB preconfigures a UE as scheduling UE. Note that RSU or platoon lead can be preconfigured as a scheduling UE.
gNB detects channel occupancy ratio is larger than a threshold then assigns one UE as scheduling UE. gNB should be able to assign multiple scheduling 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 scheduling UE exists, if scheduling UE exists,
· If there are multiple scheduling UEs,
· This UE selects the scheduling UE with largest RSRP or randomly selects one scheduling UE. 
· Then this UE sends a scheduling request with BSR to the selected scheduling UE for requesting resources.
· The scheduling UE received the request and then grant resources for this UE.
· This UE uses granted resource to transmit data.
· Else there is only one scheduling UE detected,
· This UE sends a scheduling request with BSR to the selected scheduling UE for requesting resources.
· The scheduling UE received the request and then grant resources for this UE.
· This UE uses granted resource to transmit data.
· Else there is no scheduling UE exists, 
· If this UE has capability to be a scheduling UE,
· This UE raises to be the scheduling UE and randomly select a cluster ID.
· If this UE is in-coverage, this UE sends information to gNB to request to be a scheduling UE,
· If gNB grants the request,
· This UE is promoted as scheduling 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 scheduling 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 scheduling UE,
· This UE stays in current transmission mode (e.g. Mode 2(a)).
Note that a scheduling 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 scheduling UE, if the scheduling UE exists,
· If there are multiple scheduling UEs and no preferred scheduling UE, (preferred scheduling UE means some properties of the scheduling UE are similar to those of this UE, e.g., near geographical location, similar velocity, same direction) 
· This UE selects the scheduling UE based on receiving RSRP, velocity, and location of the scheduling UEs. 
· This UE sends the sensing occupied resource information and a request to scheduling UE for joining the cluster. 
· If the scheduling 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 scheduling UE does not grant this UE to join the cluster,
· This UE stays in current transmission mode.
· Else there is preferred scheduling UE or only one scheduling UE,
· This UE sends the sensing occupied resource information and a request to scheduling UE for joining the cluster. 
· If the scheduling 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 scheduling UE does not grant this UE to join the cluster,
· This UE stays in current transmission mode.
· Else there is no scheduling UE exists
· This UE follows subsection 2.3.3.2 procedure to become a scheduling UE
Note that the scheduling 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.
The scheduling 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 scheduling UE is lower than a threshold, the scheduling UE would grant the request of scheduling of those UEs with low velocity to form a static group.
Proposal 6: The scheduling UE can use location or velocity information from other UEs to form a group.
Procedure of a UE leaving a cluster
A UE measures channel occupancy ratio around and the RSRP of the scheduling UE, if channel occupancy ratio is smaller than a preconfigured threshold or the RSRP of the scheduling UE is smaller than a preconfigured threshold,
· This UE sends a leaving command signal to inform the scheduling UE that it will leave the cluster and starts a timer.
· If the scheduling 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 scheduling 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 scheduling UE periodically
· This UE stays in the cluster, follows the rule of resource allocation of the cluster, and go to <step A>.
The scheduling UE sets a timer for a member UE, 
If the scheduling UE receives scheduling request from this member UE <step B>.
· The scheduling UE resets the timer and go to <step B>.
Else the scheduling UE does not receive scheduling request from this member UE and the timer is expired,
· The scheduling UE removes this member UE from members list and inform this UE.
Procedure of scheduling UE handover the right to a member
If the scheduling 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 scheduling UE would like to handover the right to a member in the cluster. 
The scheduling UE sets a timer,
· The scheduling UE selects one UE with largest RSRP, one nearest UE, one UE with similar velocity, or random one, <step C>
· The scheduling UE sends the handover command to the selected UE, if the selected UE grants the handover command,
· This selected UE is promoted as a scheduling UE with the same cluster ID.
· Else the scheduling UE does not receive the handover grant from the selected UE and the timer is not expired,
· This scheduling UE go to <step C>.
· Else the scheduling UE does not receive the handover grant from the selected UE and the timer is expired,
· This scheduling 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 scheduling UE(s) from other clusters, 
· This UE uses the information of RSRP, location, and velocity from other scheduling 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 scheduling UE and follows subsection 2.3.3.4 procedure to leave the current cluster.
· The UE sends joining command to the selected scheduling UE and follows subsection 2.3.3.3 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 scheduling UE.
Procedure when the scheduling UE disappears 
If a UE is a member of a cluster but cannot receive signal from the scheduling UE,
· This UE sets a time and keeps listening to the scheduling UE.
· If this UE receives signal from the scheduling UE, <step D>
· This UE is still a member of this cluster.
· Else this UE does not receive signal from the scheduling UE and the timer is expired, 
· This UE leaves the cluster.
· Else this UE does not receive signal from the scheduling 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 scheduling UE detects channel occupancy ratio of its resource is less than a threshold,
· This scheduling 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 scheduling 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. 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. 
When a UE in the cluster detects two scheduling UEs, this UE should send the RSRP, velocity, location and resource pool configuration information to the belonged scheduling UE. The scheduling 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.
[bookmark: _GoBack]Conclusion
The following summarizes the observations and proposals in this contribution.
Observation 1: The benefit of Mode 2(c) is not clear. 
Observation 2: Centralized scheduling method (Mode 2(d)-like) outperforms distributed scheduling method (Mode 2(a)-like). 
Proposal 1: 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 2: To alleviate IBE problem, two nearby UEs’ resources can be allocated adjacently. One weighting function can be introduced to resource selection procedure to indicate RSRP difference between UE and occupied resource.
Proposal 3: Mode 2(c) needs more evaluations to justify the benefit.
Proposal 4: Switching between Mode 2(a) and Mode 2(d) can depend on channel occupancy ratio or traffic load. 
Proposal 5: Whether a UE can be a scheduling UE depends on its UE capability.
Proposal 6: The scheduling UE can use location or velocity information from other UEs to form a group.
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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