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1 Introduction
At RAN1#95 [1], we agreed to further study the resource allocation Mode 2. Several agreements and further study points on mode 2a and mode 2d (provided in the annex) were made. In this contribution, we discuss additional details on sensing and resource allocation in Mode 2a and 2d.  For mode 2a, we propose two different dynamic schemes (based on concrete principles) which could be further studied by RAN1. For mode 2d, we propose some simplifying assumptions to allow RAN1 to progress towards specification of this mode.
2 Resource allocation in Mode 2a

In section 2.1 and section 2.2, we discuss semi-persistent and dynamic resource selection schemes, respectively and provide details schemes of the sensing and reselection for each. For the dynamic scheme, two solution families (LBT-based and announcement-based) are analysed and compared.
2.1 Handling of periodic traffic 

In mode 2a, the UE makes its own scheduling decisions. In LTE V2X, collisions between UEs independently selecting resources was partially avoided by announcing resources booked in the future using the SCI. Other UEs then considers the reserved resources when selecting resources for transmission. This mechanism is efficient to reduce collisions for the periodic traffic case. Since NR V2X will also have periodic traffic, the resource reservation mechanism should also be a baseline for the semi-persistent scheme of mode 2a in NR V2X. Specifically, the SCI should contain at least an indication of whether the same resource(s) and the associated periodicity and duration are being reserved in the future. 
As in LTE, a NR UE should perform decoding of SCI transmissions from other UEs to exclude the resources already reserved by other UEs during its own resource selection procedure.
Proposal 1: 

UE includes a semi-persistent reservation indication in SCI when reserving resources for periodic traffic. 
2.2 Handling of aperiodic traffic 
LTE V2X resource allocation mainly targets periodic traffic. Aperiodic traffic in NR V2X has more stringent reliability requirements than in LTE. Therefore, the existing LTE V2X resource reservation mechanism is not suitable for such aperiodic traffic. To reduce the collisions for aperiodic traffic, several techniques were presented, and in our view, we see two different classes of approaches: LBT approach and Announcement Message approach. Those two approaches can be considered as dynamic schemes.
Regardless of the scheme used to handle aperiodic traffic, the methods should be able to coexist with the method for handling periodic traffic. Specifically, it is expected that both periodic traffic and aperiodic traffic is transmitted in the same pool thus a UE performing resource selection for aperiodic traffic (using one of the dynamic schemes below) should first exclude resources reserved for periodic transmissions of other UEs. 

Proposal 2: 

During resource selection for either semi-persistent or dynamic schemes, a UE first excludes resources occupied as determined by the results of the sensing procedure.
2.2.1 LBT Scheme
In this class of approaches, the UE performs clear channel assessment (CCA) on the set of available resources determined by the sensing procedure. The UE transmits if it determines that a resource is not occupied. A backoff procedure is used when resources are determined to be occupied and there is contention among UEs that need to transmit at the same time. 
Clear channel assessment:

CCA in unlicensed operation (e.g., NR-U or LTE-U) operates over the entire band. Such type of CCA applied to NR V2X would result in inefficient use of the sidelink resources since transmissions may occupy only one or multiple subchannels of the resource pool. Therefore, CCA should be performed per subchannel or set of subchannels for NR V2X to allow multiple UEs in proximity to transmit in the same slot but on different frequency resources. Performing CCA per subchannel or multiple subchannels may increase the complexity of the UE, but we believe this may still be acceptable for a vehicle UE. 

Observation 1a: 
Subchannel based CCA is preferable for LBT in NR V2X

To perform the channel assessment, a UE needs to perform energy measurement and determine whether there is any transmission occupying the assessed resource. However, if transmissions of all UEs start at a same time within a slot, it may be difficult to avoid collisions between many UEs accessing the channel at the same time with different QoS requirements. 
Observation 1b: 
Slot-based transmissions in V2X results in poor CCA performance in a synchronous system.
Instead, to support CCA in a V2X system, the start time of transmissions should be different, and cross-slot transmissions (transmissions occupying more than a single slot) should be supported. Different transmission start-times can be (pre-)configured depending on priority, as shown in Figure 1. 
In this example, the high priority transmission is configured to transmit before the low priority transmission within a slot. Therefore, the low priority transmission will be able to detect that the channel is busy and will not transmit. When a low priority UE performs CCA, it may detect a busy channel either because a high priority TB started earlier within the slot or a TB starts in an earlier slot (also referred to as a cross-slot transmission).
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Figure 1: Configuration of start time access based on priority 

Observation 1c: 
Configuration of transmission symbol start-time based on priority of the TB can be used to prioritize different UEs performing LBT.
Backoff procedure:

A backoff procedure is necessary in LBT to reduce the probability of collisions. To have a proper operation of backoff, a UE should defer its transmission time based on the priority of the TB and congestion level of resources within resource selection window. Namely, for the same priority TB, the UE should defer transmission longer when the resource selection window is congested to reduce the probability of collision when resource selection is re-tried. This can be achieved by a backoff counter which is decreased by the number of available resources in the resource selection window (as determined by sensing). The initial value of the backoff counter can be generated randomly within a contention window. The priority can be used to determine the contention window of the initial backoff counter or to determine the step-size in the backoff counter reduction. 
Observation 1d: 
A backoff procedure in which a UE defers transmission based on priority and number of available resources reduces probability of collisions with other UEs performing CCA in the same resource selection window.
Resource selection for retransmission:

For broadcast, the UE may need to perform blind retransmission to achieve high reliability. The number of retransmissions depends on the reliability requirement of the TB. To perform resource selection for a retransmission, the UE may use the LBT approach similar to the initial transmission. However, this approach may result in higher collision probability of the retransmission since the UE will have less time resource compared to that of the initial transmission for the backoff procedure. Instead, the UE can select the resource for retransmission by using the approach similar to LTE V2X and uses the SCI of the initial transmission to reserve the selected resource. By doing this, other UEs can avoid the reserved retransmission resource by decoding the SCI of the initial transmission.  
Observation 1e: 
The SCI of the initial transmission of the TB can be used to reserve the resource for the retransmissions of the TB.

In summary, the LBT-based resource allocation and LTE-based reservation schemes above can handle both periodic and aperiodic traffic. Specifically, resource selection for aperiodic traffic and the first instance of periodic traffic uses the LBT procedure, while the remaining periodic traffic is protected through the LTE-like reservation indication in the SCI. An example of such procedure which considers the observations made above is provided in the Annex.  

Proposal 3:
RAN1 evaluates the LBT-based resource allocation scheme for Mode 2a based on the following principles
· Subchannel-based LBT is performed individually on subchannel(s) which are available, as determined by sensing. 

· Different transmission start times within a slot are (pre)-configured based on priority and CBR.
· Backoff is used to avoid collisions between UEs performing resource selection simultaneously.
· SCI of the initial transmission is used to reserve resource for the retransmissions.
2.2.2 Announcement Message Scheme
In this approach, the UE transmits an announcement message in one slot for transmission of control, and data transmission that occurs in a later slot. Such announcement message can be used to notify other UEs about its intention to use a transmission resource for data and/or control. We refer to such message as forward booking announcement message. The purpose of the forward booking announcement message is to allow UEs which may have already selected resources for transmission to avoid those resources prior to transmission if higher priority UEs are also intending to use the same resources. Therefore, the forward booking announcement message should contain at least the following parameters:

· Time-frequency location of the data and/or control

· QoS characteristics of the data (priority, latency, reliability)
Observation 2a: 
Forward booking announcement message should contain at least the time-frequency location of the data/control and QoS characteristics of the data to be transmitted.
The forward booking announcement message is used as a notification message only, namely, the UE needs to transmit both control and data after transmission of the forward booking announcement message. To resolve the half-duplex issue, multiple repetitions of this message can be performed by the UE. The number of forward booking announcement messages can be determined based on the QoS (e.g. reliability) of the TB. On the other hand, the probability of collision between forward booking announcement messages depends on the congestion level, and this can also be used to determine the number of transmissions.
Observation 2b: 
To address the half-duplex issue, the number of forward booking announcement messages for a single TB transmission can based on the QoS of the TB and congestion level of the resource pool.
The forward booking announcement messages should be transmitted before the data messages. The UE can first perform resource selection for the announcement message, and based on its transmission time, perform resource selection for the data message. If the UE performs the resource selection for the two types of message using random selection on the available resources (similar to LTE V2X), the resources available for selection of the data may not be sufficient (because it depends on the timing of the resources selected for the announcement. On the other hand, separate windows can be used for resource selection of announcement and data messages in order to guarantee the availability of sufficient resources for each type of message. Separate windows can also allow configurability to properly provision the size of the resources for each message based on load, message size, QoS, etc. 
Observation 2c: 
Separate windows for resource selection of forward booking announcement and control/data can be used.

A random selection procedure similar to that of LTE can be used for selecting resources in each of the windows. To address the issue of collision between UEs simultaneously selecting resources for the forward booking announcement message, different resource pools can be (pre-)configured for the forward booking message based on priority of the TB to be transmitted. Configuring more resources for the high priority pool can reduce the probability of collisions for high priority transmissions, for example. An alternative approach to addressing the collision is to apply LBT-based resource allocation scheme for forward booking announcement message.
Observation 2d: 
Resource selection for the forward booking announcement and data/control message can use LTE-like random resource selection within the respective windows.

After selecting the transmission resources for forward booking announcement, and the data/control message, the UE needs to monitor the resource pool to detect whether there is any potential collision in its data and control transmission with other UEs. If the UE detects a possible collision signalled by another UE’s forward booking announcement message, it can determine whether it needs to cancel its planned transmission and perform resource reselection for the TB to transmit. Such determination can be based on the relative QoS of the UEs own transmission and the colliding transmission. For example, if the priority of the detected forward booking transmission is higher than that of the pending TB, the UE may perform resource reselection if the measured RSRP of the detected forward booking announcement transmission is greater than a threshold. 
Observation 2e: 
A UE can use the relative QoS of its own transmission compared to a colliding transmission to determine whether to cancel an announced transmission and perform resource reselection.
In summary, the forward booking announcement resource allocation and LTE-based reservation schemes above can handle both periodic and aperiodic traffic. Specifically, resource selection for aperiodic traffic, and for the first instance of a periodic transmission can be handled by the forward booking announcement, while the remaining periodic traffic is protected through the LTE-like reservation indication in the SCI. An example of such procedure which considers the observations made above is provided in the Annex. 
Proposal 4:
RAN1 evaluates the forward booking announcement based resource allocation scheme for Mode 2a which is based on the following principles:

· The UE transmits one or multiple forward booking announcement signal(s) to reserve control and data resources for a TB in a future slot
· Resource selection is performed separately for forward booking announcement resources and data/control resources

· Following transmission of a forward booking announcement, the UE monitors for other forward booking announcement messages to determine whether to cancel transmission and perform reselection
· Reselection is based on relative priority between transmissions and measured power of received forward booking announcement
2.2.3 Support of Pre-emption

NR V2x must support transmission of traffic with very low latency (down to 3ms) and high reliability (up to 99.999%) [2]. In NR Uu, the network may use pre-emption to transmit data of a higher priority to a UE. The gNB overrides downlink data transmitted to a specific UE and indicates afterwards to the victim UE that the received data should be flushed.

In NR V2x pre-emption may also be used to enforce high priority traffic.  One possible option is to allow UEs to pre-empt other on-going UEs transmissions of lower priority. For example, the high-priority traffic UE could transmit an indication to a lower-priority UE with resource reserved to stop transmission (e.g. for one period) and then use that resource for transmission of its high priority data.  Pre-emption of both periodic and aperiodic transmissions can be achieved using the forward booking announcement message itself.  For the LBT-based approach, pre-emption would need to be designed separately.
Proposal 5: 
NR V2X supports transmission of pre-emption message for sidelink resource pre-emption
2.2.4 Comparison between LBT and Announcement Message schemes
In Table 1, we describe the pros and cons of LBT and Announcement Message schemes. 

	
	LBT-based approach
	Forward Booking Announcement-based approach

	Pros
	· Single SCI format can be used

· Data and control do not need to be transmitted at different time-instances. 

	· Can reuse the SCI decoding procedure used in LTE to exclude the reserved resources for both periodic and aperiodic traffic.
· Can support pre-emption


	Cons
	· Require design of a new backoff procedure that will still allow UE to meet timing requirements 
· Require different channel access of different transmissions to support CCA (e.g. different start time within a slot).
· Requires an additional scheme for support of pre-emption
	· Need to design a new SCI format for forward booking announcement or separate data and control. 

· At least 2 transmissions required to transmit one TB, which increases probability of mis-detection from half-duplex problem.




Table 1: Comparison of LBT and Announcement Message schemes

3 Resource allocation Mode 2d

In this section, we describe our view on Mode 2d. In Mode 2d, it is possible that one UE can schedule sidelink transmission resource for other UEs, and the scheduling decisions can be conveyed to other UEs via control channel. 

Use case/scenarios for Mode 2d:

To allow one UE to reserve or schedule sidelink transmission resources for other UEs, ideally the UEs should be within a related group (e.g. two or more UEs which are travelling together, such as a platoon). This ensures some predictability in the radio condition between the scheduling UE and the scheduled UEs as well as a consistent presence of the scheduling UE within the group. To guarantee the usage of the resource, the scheduling UE also needs to involve in the communication scheduled by itself. Therefore, mode 2d should be applicable to unicast/groupcast only.
Group management for usage of mode 2d, as well as selection of the scheduling UE, can be performed by either AS layer or upper layers. While AS-layer mechanisms may be more dynamic, the added complexity may not be desired given that the usage of mode 2d would be beneficial for cases where the group does not change frequently. Furthermore, RAN2 agreed that no AS-layer mechanisms would be used to select the group manager [3]. Therefore, the simplest way to support mode 2d for the initial release of NR V2X is to let the higher layer decide the scheduling UE. In this way, RAN1 does not need for further discuss any UE behaviour related to group creation/management. Since higher layers perform group management, it can also decide whether a specific unicast/groupcast transmission will use mode 2a or mode 2d. A UE would then perform mode 2d resource selection only for unicast/groupcast data as decided by upper layers.    

Proposal 6a:
A UE uses the mode 2a or mode 2d for resource selection depending on the traffic type:

· Mode 2d can be used on unicast/groupcast transmissions only

· Mode 2a can be used on all types of transmissions

Proposal 6b:
Higher layers determine whether mode 2d should be used for transmissions within a specific group and selects the scheduling UE for the group.

Resource selection for mode 2d

The resources for transmission of the scheduling and member UEs can be obtained from (pre-)configuration or sensing. For the (pre-)configuration case, if the scheduling UE is in coverage, the network can dynamically allocate the resource for the group. However, if the scheduling UE is out of coverage, pre-configuration may result in resource inefficiency since the system always needs to reserve dedicated resources for group communication regardless of whether a group exists. Alternatively, sensing can be used to obtain resources for mode 2d more efficiently, and such that the same resource pool can be used for transmissions of mode 2a and mode 2d.  
Proposal 7:
The scheduling UE uses sensing to determine resources used for mode 2d transmission, within the resource pool used also by mode 2a.

To schedule member UEs, the scheduling UE should have the traffic information of the member UEs.  For group communication, the application layer can be aware of the traffic pattern and, in some cases, any timing relationship between the transmissions of different UEs in a group. Therefore, it can inform the scheduling UE about this information. Otherwise, if the traffic between UEs in unrelated, the member UEs need to send their traffic information to the scheduling UE. Specifically, the member UE can send scheduling request and/or Buffer Status (BSR)-like messages to the scheduling UE.
Proposal 8:
The scheduling UE uses traffic information from member UEs and/or upper layers when performing resource selection for the group.

It is expected that Mode 2a supports both dynamic and semi-persistent schemes to allow for aperiodic and periodic traffic. This should also be possible for Mode 2d. Specifically, depending on the type of traffic to be scheduled to the member and scheduling UEs, the scheduling UE can perform either dynamic or semi-persistent resource allocation. 

In general, the combined traffic of member and scheduling UEs can be modelled in two ways:

· For the traffic related to the regular group/link maintenance and/or messages, the traffic of the scheduling and member UEs may have the same or different periodicity, packet size, and offsets. For example, a vehicle in the front of a platoon can have a better observation of road conditions, and it needs more frequent resources for groupcast. The scheduling UE can perform semi-persistent resource allocation for the UEs involved in the maintenance procedure. One example of such traffic can be illustrated in Figure 2, in which a group of 4 UEs regularly sends each packet sequentially every 30ms to inform the group about the status of each UE.  Periodic traffic from one UE alone can also be modelled in this way.
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Figure 2: Periodic traffic for group maintenance
· For event-triggered traffic, the scheduling UE needs to perform dynamic scheduling, which allocate resources individually for one TB. 
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Figure 3: Event-triggered traffic

Proposal 9:
Mode 2d supports both dynamic and semi-persistent resource allocation schemes.

Signalling of scheduling decision
To support the different types of traffic shown in Figure 2 and Figure 3, signalling should efficiently support the cases where the scheduling UE reserves resources for a single UE or for a group of UEs. If the scheduling UE selects resources for a single UE, the SCI can be used to reserve and signal the resource to the UE.

If the scheduling UE selects resources to be used periodically by the group of UEs (e.g. group maintenance), the SCI can be used to indicate the reserved resource for the group. Each member UE then needs to know which specific portion of resources is associated to it. This can be achieved by:
· The SCI that reserves the resources for the group also indicates which portion of resource is associated to which UE (e.g., based on some predefined patterns). This approach may require the design of a new SCI.
· Each member UE may implicitly determine the portion of resource to be used based on its ID or order in the group, etc.

· Upper layer message, (e.g., RRC message) can be used to configure the portion of resource associated with each UE.

We think upper layer messages would be advantageous in avoiding the need to create a new SCI and in reducing the overhead associated with SCI. For this approach, the scheduling UE still can use the SCI similar to the one uses for semi-persistent reservation to reserve the resource for each member UE.
 Proposal 10:
A UE uses at least the contents of the SCI to determine the resources reserved for it by the scheduling UE. The use of additional information (e.g. upper layer information) can be further studied.

4 Conclusion

In this contribution, we made the following observations and conclusions on resource allocation for NR V2X:
Proposal 1: 

UE includes a semi-persistent reservation indication in SCI when reserving resources for periodic traffic. 
Proposal 2: 

During resource selection for either semi-persistent or dynamic schemes, a UE first excludes resources occupied as determined by the results of the sensing procedure.

Observation 1a: 
Subchannel based CCA is preferable for LBT in NR V2X

Observation 1b: 
Slot-based transmissions in V2X results in poor CCA performance in a synchronous system.
Observation 1c: 
Configuration of transmission symbol start-time based on priority of the TB can be used to prioritize different UEs performing LBT.
Observation 1d: 
A backoff procedure in which a UE defers transmission based on priority and number of available resources reduces probability of collisions with other UEs performing CCA in the same resource selection window.
Observation 1e: 
The SCI of the initial transmission of the TB can be used to reserve the resource for the retransmissions of the TB.

Proposal 3:
RAN1 evaluates the LBT-based resource allocation scheme for Mode 2a based on the following principles
· Subchannel-based LBT is performed individually on subchannel(s) which are available, as determined by sensing. 

· Different transmission start times within a slot are (pre)-configured based on priority and CBR.
· Backoff is used to avoid collisions between UEs performing resource selection simultaneously.

· SCI of the initial transmission is used to reserve resource for the retransmissions.
Observation 2a: 
Forward booking announcement message should contain at least the time-frequency location of the data/control and QoS characteristics of the data to be transmitted.
Observation 2b: 
To address the half-duplex issue, the number of forward booking announcement messages for a single TB transmission can based on the QoS of the TB and congestion level of the resource pool.
Observation 2c: 
Separate windows for resource selection of forward booking announcement and control/data can be used.

Observation 2d: 
Resource selection for the forward booking announcement and data/control message can use LTE-like random resource selection within the respective windows.

Observation 2e: 
A UE can use the relative QoS of its own transmission compared to a colliding transmission to determine whether to cancel an announced transmission and perform resource reselection.
Proposal 4:
RAN1 evaluates the forward booking announcement based resource allocation scheme for Mode 2a which is based on the following principles:

· The UE transmits one or multiple forward booking announcement signal(s) to reserve control and data resources for a TB in a future slot
· Resource selection is performed separately for forward booking announcement resources and data/control resources

· Following transmission of a forward booking announcement, the UE monitors for other forward booking announcement messages to determine whether to cancel transmission and perform reselection
· Reselection is based on relative priority between transmissions and measured power of received forward booking announcement

Proposal 5: 
NR V2X supports transmission of pre-emption message for sidelink resource pre-emption
Proposal 6a:
A UE uses the mode 2a or mode 2d for resource selection depending on the traffic type:

· Mode 2d can be used on unicast/groupcast transmissions only

· Mode 2a can be used on all types of transmissions

Proposal 6b:
Higher layers determine whether mode 2d should be used for transmissions within a specific group and selects the scheduling UE for the group.

Proposal 7:
The scheduling UE uses sensing to determine resources used for mode 2d transmission, within the resource pool used also by mode 2a.

Proposal 8:
The scheduling UE uses traffic information from member UEs and/or upper layers when performing resource selection for the group.

Proposal 9:
Mode 2d supports both dynamic and semi-persistent resource allocation schemes.

 Proposal 10:
A UE uses at least the contents of the SCI to determine the resources reserved for it by the scheduling UE. The use of additional information (e.g. upper layer information) can be further studied.
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6 Annex
6.1 Agreements from RAN1#95

RAN1 agreements about Mode 2a

	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


RAN1 agreement about Mode 2d

	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 


6.2 Detailed procedure for Mode 2a using LBT scheme
In general, the procedure of the LBT-based resource allocation scheme is described in Figure 1. Specifically, the procedure includes eight steps, where each step is described as follows:
· Step 1: In this step, the UE determine the size and duration of the transmission resource. The size is defined as the number of PRBs used for the transmission and the duration is defined as the time used for the transmission, e.g., multiple symbols, one or multiple slots. The size and duration of the transmission resource can be up to UE implementation or determined by upper layer and pass to PHY layer. Then, the UE determine the resource selection window, which is based on the latency requirement of the TB. 
· Step 2: The UE generates a backoff counter to determine whether the UE can transmit the TB. The backoff counter can be generated randomly within a (pre-)configured contention window. In general, the size of the contention window can be determined based on the priority of the TB. For example, a shorter contention window can be associated with a higher priority TB. This approach allows high priority TBs to access the channel sooner than the low priority TBs. 
· Step 3: The UE excludes the reserved resources of other UEs based on decoding SCIs. The UE can follow the similar procedure in LTE V2X to exclude the resources reserved by the other UEs. Specifically, if the RSRP_PSSCH measured in the reserved frequency resource in the previous period is greater than a threshold, the UE can consider such resource as occupied and exclude it from the set of available resource. Determination of this threshold (i.e. whether to use LTE method) requires further discussion. 
· Step 4: The UE performs CCA in each of the available resources to determine whether each resource is available or not - the results of which are used in Step 6. The UE may determine how many resources are available within a slot. The UE determines that a subchannel is occupied if the associated S-RSSI measured is greater than a threshold S-RSSI_Threshold.
· Step 5: After performing CCA, the UE verifies the value of the backoff counter. If the backoff counter is larger than zero, the UE may go to Step 6. Otherwise, it can go the next slot and performs Step 7.
· Step 6: In this step, the UE decreases the backoff counter in each slot. The amount of backoff counter decrease depends on the number of available transmission resources in each slot in Step 4. Then, the UE goes to the next slot and returns to Step 3.
· Step 7: This step can be executed if the backoff counter is equal or smaller than zero. Specifically, the UE randomly selects one of the available transmission resource starting at the next slot. The set of available resources is determined based on decoding the SCI in the previous slots. If all the transmission resource is occupied, the UE goes to the next slot and repeats the procedure. 
· Step 8: The UE randomly selects one or multiple time resource for retransmission(s) in the same frequency resource of the initial transmission. The number of retransmission may be determined based on the QoS of the TB.
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Figure 1: Mode 2a resource allocation procedure of the LBT scheme
6.3 Detailed procedure for Mode 2a using Announcement Message scheme
The resource allocation procedure using Announcement Message scheme is described in Figure 3. In general, the procedure includes nine steps where each step is described as follows:
· Step 1: The UE determines the size and duration of the transmission resources for forward booking announcement message, control (SCI), and data. 

· Step 2: The UE determines the Notification window for resource selection of forward booking notification message and Transmission window for resource selection of data and control. Then, the UE excludes the resources announced by other UEs based on decoding their forward booking announcement messages. The resource is excluded if it satisfies the following conditions
· The resource is reserved by a forward booking announcement message.

· The RSRP_PSCCH measured in the forward booking message is greater than RSRP_PSCCH_Threshold.

· Step 3: The UE goes to Step 4 for the initial resource selection. Otherwise, the UE determines whether it need to perform resource reselection for forward booking announcement. If the answer is yes, the UE goes to Step 4, otherwise, it goes to Step 5. 
· Step 4: The UE performs resource (re)selection for forward booking announcement message in a Notification window by randomly selecting one resource in the set of available resources. 

· Step 5: The UE goes to Step 6 for the initial resource selection. Otherwise, the UE determines whether it needs to perform resource (re)selection for data and control in Transmission window. If the answer is yes, the UE goes to Step 6, otherwise, it goes to Step 7.

· Step 6: The UE performs resource (re)selection for data and control in the Transmission window by randomly selecting one resource in the set of available resources for transmission and one resource for retransmission. The transmission and retransmission resources have the same frequency range and time gap among them is less than 15 slots. The time-frequency resources of both initial transmission and retransmission is included the forward booking announcement message.

· Step 7: The UE monitors the Notification window until it transmits forward booking announcement message to perform possible collision detection and priority handling.
· Step 8: Before transmission of the forward booking announcement message, the UE may determine to perform resource reselection for its control and data and/or forward booking announcement message if the following conditions are satisfied:

· The UE detects a forward booking announcement or an SCI which refers to the resource selected by the UE.

· The RSRP_PSCCH measured in the forward booking announcement message is greater than RSRP_PSCCH_Threshold or RSRP_PSSCH measured in the first slot of the PSSCH transmission referred by the SCI is greater than RSRP_PSSCH_Threshold.

If the UE needs perform resource reselection, the UE cancels transmission in the collided resource and goes to Step 2, otherwise it goes to Step 9.  
· Step 9: The UE performs transmission of forward booking announcement message in the Notification window and data and control in the Transmission window. 
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Figure 3: Resource allocation procedure of the Announcement Message scheme
6.4 Detailed procedure for scheduling UE in Mode 2d
The resource allocation procedure for Mode 2d of the scheduling UE is described in Figure 5. In general, the procedure includes four steps: 
· Step 1: The scheduling UE receives the traffic information from the member UEs and itself. Specifically, for the periodic traffic, the UE may receive such traffic information from application layer and for the aperiodic traffic, the UE may receive such information from the member UEs by scheduling request (SR) and/or BSR (Buffer Status Report) messages.
·  Step 2: The scheduling UE determine the size, duration, and periodicity of the transmissions resources based on traffic information of the member UEs and itself. The size and duration of the transmission resource should be determined to satisfy the QoS of the data for both scheduling UE and the member UEs. 
· Step 3: The scheduling UE performs resource selection for the member UEs and/or itself by using Mode 2a.  If the traffic is aperiodic, the scheduling UE will perform dynamic resource selection. Otherwise, if the traffic is periodic, the scheduling UE will perform semi-persistent resource selection. 
· Step 4: The scheduling UE transmits SCI to reserve the resource for the member UE(s) and indicates which member UE to use which (part of the) resources. If the SCI reserves the resource for a single UE, it may indicate the UE to use the resource. Otherwise, if the SCI reserves resource for multiple UEs, (pre-)configuration can be used to associate a portion of the resource for each UE.
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Figure 5: Resource selection procedure for scheduling UE of Mode 2d
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