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1 Introduction

At RAN1#94bis [1], we agreed to further study the resource allocation Mode 2, in which a set of questions are made for each sub-mode. In this contribution, we propose the detailed procedure for resource allocation Mode 2a, and our view of Mode 2d. We also describe a possible solution to handle URLLC type traffic by using pre-emption technique.   
2 Resource allocation in Mode 2a

2.1 Handling of periodic traffic via resource reservation

In mode 2a, the UE makes its own scheduling decisions.  Since there is no centralized scheduler, there is a probability that a collision occurs between two UEs transmitting over the same resource at the same time.  To reduce collisions in LTE V2X, a resource reservation mechanism was introduced where a UE selecting a resource for periodic traffic would announce using the SCI. The other UEs would then consider the reserved resources when selecting resources for transmission. This mechanism is efficient to reduce collisions particularly for the periodic traffic case.  Such resource reservation mechanism should also be a baseline for NR V2X to enable more efficient transmission for periodic traffic.

Proposal 1: 

NR V2X supports resource reservation for periodic traffic similar to LTE V2X

Since the LTE V2x reservation mechanism only reserves a fixed amount of PRBs (i.e. the PRB allocation cannot change following resource selection), it is efficient when the amount of data to transmit remains constant during the reserved period.  In the case where there are large variations in the amount of data, the reservation is either not sufficient or too large, leading to inefficiencies.  

Observation 1: 
LTE reservation mechanism is tailored to static data sizes.
2.2 Handling of aperiodic traffic

In addition to periodic traffic, NR V2X is also expected to carry aperiodic traffic, and perhaps in a larger proportion when compared to LTE V2X because of the advanced use cases. Such aperiodic data may also be associated with more stringent reliability requirements. Since the UE cannot predict aperiodic traffic, resources cannot be reserved which leads to potential collisions. The 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:

2.2.1 Approaches based on LBT principles:

In this class of approaches, the UE performs clear channel assessment (CCA) followed by a backoff in case it determines that the channel is busy and cannot transmit. The UE transmits if it determines that the resource is not occupied.  In this family of approaches, the control channel may be transmitted at the same time as the data. 
In general, the procedure of the LBT-based resource allocation scheme is described in Figure 1. Specifically, the procedure includes seven 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.
· Step 2: 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 3: 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 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.
· Step 5: After performing CCA, the UE checks 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 to Step 7.
· Step 6: In this step, the UE decreases the backoff counter. The amount of backoff counter decrease may depend on the number of available transmission resources in Step 4 and priority of the TB. 
· Step 7: This step can be executed if the backoff counter is equal or smaller than zero. Specifically, the UE randomly select one of the available resource in Step 4 for transmission. 
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Figure 1: Mode 2a resource allocation procedure based on LBT principles

In the following, we discuss in detailed some factors to consider for the above resource allocation procedure.

Clear channel assessment:

In general, 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, one UE cannot detect transmission of each other. Therefore, to support CCA, the start time of transmissions should be different. 

Observation 2: 
CCA requires different transmission start-times within a slot in a synchronous system.

One possible solution for the problem mentioned in Observation 1 is to (pre-)configure different transmission start-times depending on priority. Such (pre-)configuration can be illustrated in Figure 2. In this example, the high priority transmission can transmit before the low priority transmission within a slot. Therefore, the low priority transmission will detect that the channel is busy and will not transmit. When a low priority TB UE performs CCA, it will detect the busy channel due to two reasons. The first reason is that high priority TB is transmitted before within the slot. The second reason is due to either low or high priority transmission starts in an earlier slot and such transmission is a cross-slot transmission.
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Figure 2: Exemplary configuration of start time access based on priority 

One may argue that such channel access priority configuration results in resource inefficiency since regardless of resource utilization condition and availability of high priority TB in the resource pool, low priority transmissions always need to defer several symbols for its transmission. To avoid this, the channel access priority can be further based on the congestion level of the resource pool, e.g., CBR. Particularly, if CBR of the resource pool is low, the transmission start time off low priority is the same for that of high priority. Otherwise, the low priority transmissions defer its transmission start-time when CBR of the resource pool is high.
Observation 3: 
Configuration of transmission start-times based on priority of the TB and CBR of the resource pool reduces resource wastage during the resource allocation procedure.

Backoff counter:

In general, a backoff mechanism is used to reduce the probability of collisions when UEs perform resource selection at the same time. In principle, the UE needs to defer its transmission time based on the priority of the TB and congestion level of resources within resource selection window. The defer time of a TB transmission depends on its priority and the transmissions of other UEs during the resource selection window. For the same priority TB, the UE needs to defer transmission time longer when the resource selection window is congested. For this reason, the amount decrease in the backoff counter is based on the number of available resources during CCA procedure.

Observation 4: 
A decrease in the backoff counter based on the number of available resources reduces the transmission collisions due to the transmission of other UEs within resource selection window.

To consider the priority of the TB and transmission activities of other UEs within the resource selection window simultaneously in the backoff procedure, we think that there are two possible options: 1) the decrease in the backoff counter may be based on the number of available resources only, or 2) the decrease in the backoff counter can be based on both number of available resources and priority of the TB to transmit.

In summary, the LBT-based resource allocation scheme above can handle both periodic and aperiodic traffic. Specifically, the periodic traffic is handled by similar LTE V2X resource allocation and reservation and the aperiodic traffic is handled by CCA and backoff procedure.  

Proposal 2:
RAN1 evaluates the LBT-based resource allocation scheme for Mode 2a based on the following principles
· LBT is performed individually on resources which are available, as determined by LTE-like sensing 

· A backoff procedure is used to avoid collisions between UEs performing resource selection simultaneously

· Different transmission start times within a slot are possible, and are based on priority.
2.2.2 Approaches based on Forward Booking Announcement Message
In this class of approaches, the UE transmits a notification message in one slot for transmission of data occurring in a later slot. Such 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 forward booking announcement message contains at least the following parameters:

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

· Priority of the data

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 resource allocation procedure based on forward booking announcement is described in Figure 3. In general, the procedure includes seven steps: 
· Step 1: The UE determine the number of forward booking announcement messages, the size and duration of the transmission resources for forward booking announcement message, control, and data. The size and duration of the transmission resource can be up to UE implementation or determined by upper layers.
· Step 2: The UE excludes the reserved resources of other UEs based on decoding SCIs and forward booking announcement messages. Specifically, the UE can exclude the resources reserved by SCIs or notified by forward booking announcement messages if the measured RSRP_PSSCH in the reserved resource is greater than a threshold or the measured RSRP in the forward booking announcement message is greater than another threshold.

· Step 3: The UE performs resource selection for forward booking announcement message in a Notification window, and data and control in a Transmission window. Such windows can be (pre-)configured based on QoS of the TB and congestion level of the resource pool. 

· Step 4: The UE monitors the Notification window at times when it is not transmitting the forward booking announcement message to perform collision detection and priority handling.
· Step 5: During the monitoring time in the Notification window, the UE also determines whether it needs to reselect the control and data resource selected in the Transmission window. The UE may determine to perform resource reselection if the selected resource collides with other UE’s transmission and the priority of the pending TB is lower than that of the other UE.

· Step 6: If the UE performs resource reselection, the UE stops all the pending forward booking announcement transmissions and goes to Step 3.  
· Step 7: If during the Notification window the UE decides not to perform resource selection, it can go to Step 7 and perform transmission of data and control in the Transmission window. 
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Figure 3: Resource allocation procedure based on forward booking announcement principles
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Figure 4: Forward-booking resource allocation
The following factors need to be consider for the above resource allocation procedure.

Number of forward booking announcement messages
The number of forward booking announcement messages (to avoid half-duplex problem) can be determined based on the QoS 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 5: 
It is beneficial that the number of forward booking announcement messages is based on the QoS of the TB and congestion level of the resource pool.

Resource selection windows:

The size and duration of the two windows (Notification window and Transmission window) can be based on QoS of the TB and congestion level of the resource pool, e.g., CBR. This can ensure that UEs with low latency transmissions are prioritized, and that the number of UEs using the pool is considered (for example, by configuring shorter duration for both Notification and Transmission windows if the latency of the TB and/or CBR of the resource pool is small).
Observation 6: 
It is beneficial if the Notification and Transmission window lengths are based on QoS of the TB and congestion level of the resource pool.

Resource selection for forward booking announcement messages
Random selection of the resources for the forward booking announcement message may be sufficient to avoid collision.  Also, a UE can perform CCA before the transmission of a forward booking announcement message to avoid potential collisions. 
In addition, to handle the priority of different TBs, one possible solution is to (pre-)configure different channel access time or different resource pools for the forward booking message based on priority of the TB. Such configuration can reduce the resource collision between transmission of different priority forward booking announcement messages.

Resource selection for data and control
The resource selection procedure for data and control can be done similar to that of LTE V2X. Specifically, Transmission window, the UE excludes the periodic resource reserved by other UE by reading SCIs and the resource notified by forward booking announcement message. Then, the UE can rank the available resources based on the measured S-RSSI and select 20% of such resources. Finally, the UE can select one resource for transmission.  
Observation 7: 
Resource selection for data and control can be done similar to LTE V2X.
Determination of resource reselection:

After selecting the transmission resources for forward booking announcement message, data, and control, the UE needs to monitor the resource pool to detect whether there is any collision in its data and control transmission. If the UE detects a possible collision, it can determine whether it needs to perform resource reselection. Such determination can be based on the priority. Specifically, 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 8: 
Determination of resource reselection can be done based on priority.

Proposal 3:
RAN1 evaluates the forward booking announcement based resource allocation scheme for Mode 2a which is based on the following principles:

· The UE transmits a forward booking announcement signal to reserve control and data resources in a future slot
· Resource selection for control and data is based on exclusion of reserved resources by SCI (as in LTE) as well as other announcement messages

· Resource reselection is performed if higher priority announcement messages are detected

3 Resource allocation Mode 2d

In this section, we describe our view on Mode 2d. From our view, in Mode 2d, it is possible that one UE can reserve sidelink transmission resource for other UEs. Such reservation decision can be conveyed to other UEs via control channel. When the UE is indicated to use the resource reserved by other UEs, it can determine to use it or perform resource selection by itself. 
Proposal 4:
In Mode 2d, one UE can select and reserve resources for other UEs.

Use case/scenarios for Mode 2d:
In general, to allow one UE to reserve or schedule sidelink transmission resource to other UEs, they should be within a group. This is because to allow one UE reserve or schedule transmission resource for other UEs, it is necessary to maintain an awareness of the scheduler UEs and the radio condition between the scheduler UE and the scheduled UEs. Therefore, such condition can be applicable to unicast/groupcast only.
Proposal 5:
Operation of Mode 2d is used in unicast/groupcast scenarios.

Coordinated timing among packet transmissions in unicast/groupcast:
In unicast/groupcast, there may be several scenarios where there is a natural timing relationship between UEs in a unicast/groupcast link:

· HARQ feedback

· A UE’s transmissions and the associated HARQ feedback transmissions by the receiving UE(s) may have a timing relationship that depends on the latency requirements of the transmission

· Link establishment/maintenance signalling 

· During signalling for establishment and maintenance of the L2 link, it is expected that UEs will communicate with each other in a request/response fashion

· Certain use cases may have a natural timing relationship inherent in them

· In the platooning use case for example, there may be regular platoon maintenance message transmissions made sequentially by group members, or event-based transmissions (e.g. manouver notifications, relaying of messages among group) that may need to be transmitted by each subsequent member with well-defined timing requirements.
Observation 9:
Well-defined timing relationships between UE transmissions may exist in unicast/groupcast  

Taking the platooning use case as a specific example, if regular platoon maintenance messages are exchanged, it may be expected that these messages have a defined timing relationship which possibly reflect the ordering of the vehicles in the platoon for example.  In addition, each of these messages has a distinct timing requirement (PDB or latency) and allocated or reserved resources should be available at the time in which the packet is generated.  In fact, alignment of packet generation with SPS resource allocation based on UE assistance information in LTE was based on this principle.

It may be beneficial to design resource selection methods which exploit these timing relationships.  For mode 2 transmissions this can be done by having a single UE perform resource selection for itself and other UE(s) at the same time, considering these timing relationships and requirements.  The UE performing resource selection can then ensure that the selected resources meet the specific timing relations of the multiple UEs.  The likelihood that the related transmissions are sent within their required timing is therefore increased.  
Observation 10:
Performing resource selection at one UE for unicast/groupcast transmissions may be more efficient in meeting latency requirements of each transmission. 

Mode 2d using the above principles can reuse the SCI-based forward booking mechanism in LTE. This is possible if upper layers provide the timing relation of the traffic among UEs within a group. The UE then performs resource selection of resources for itself and other UEs. By doing this, the UE needs to consider the periodic transmissions of all UEs within the group. Coordination information (e.g. which UE should transmit in the next reserved resource) can be transmitted to other UEs by using SCI, or in a coordination message transmitted in the PSSCH. The SCI would further identify the group of UEs which can use such resource, and possibly the next UE in the sequence which needs to transmit. At the occurrence of the next forward booked resource, the next UE can use the resource and forward book for a third UE, and so on. Alternatively, the design of SCI in NR can be made such that it allocates multiple sub-resources, each sub-resource can be used by a member of a unicast/groupcast link.

Proposal 6:
RAN1 further evaluate the performance of Mode 2d, where one UE can reserve sidelink transmission resource for other UEs.

4 Handling of URLLC type traffic

Just like NR, 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.  On possible option is to allow UEs to pre-empt other UEs transmissions of lower priority. This may be particularly useful for pre-empting periodic traffic as the UE knows ahead of time that the other UE will be transmitting in that period.  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.

Proposal 7: 
NR V2X supports transmission of pre-emption message for sidelink resource pre-emption

5 Conclusion

In this contribution, the following observations were made on resource allocation for NR V2X:
Observation 1: 
LTE reservation mechanism is tailored to static data sizes.
Observation 2: 
CCA requires different transmission start-times within a slot in a synchronous system.

Observation 3: 
Configuration of transmission start-times based on priority of the TB and CBR of the resource pool reduces resource wastage during the resource allocation procedure.

Observation 4: 
A decrease in the backoff counter based on the number of available resources reduces the transmission collisions due to the transmission of other UEs within resource selection window.

Observation 5: 
It is beneficial that the number of forward booking announcement messages is based on the QoS of the TB and congestion level of the resource pool.

Observation 6: 
It is beneficial if the Notification and Transmission window lengths are based on QoS of the TB and congestion level of the resource pool.

Observation 7: 
Resource selection for data and control can be done similar to LTE V2X.

Observation 8: 
Determination of resource reselection can be done based on priority.

Observation 9:
Well-defined timing relationships between UE transmissions may exist in unicast/groupcast  

Observation 10:
Performing resource selection at one UE for unicast/groupcast transmissions may be more efficient in meeting latency requirements of each transmission. 

Based on these observations, the following conclusions were made:

Proposal 1: 

NR V2X supports resource reservation for periodic traffic similar to LTE V2X

Proposal 2:
RAN1 evaluates the LBT-based resource allocation scheme for Mode 2a based on the following principles

· LBT is performed individually on resources which are available, as determined by LTE-like sensing 

· A backoff procedure is used to avoid collisions between UEs performing resource selection simultaneously

· Different transmission start times within a slot are possible, and are based on priority

Proposal 3:
RAN1 evaluates the forward booking announcement based resource allocation scheme for Mode 2a which is based on the following principles:

· The UE transmits a forward booking announcement signal to reserve control and data resources in a future slot

· Resource selection for control and data is based on exclusion of reserved resources by SCI (as in LTE) as well as other announcement messages

· Resource reselection is performed if higher priority announcement messages are detected

Proposal 4:
In Mode 2d, one UE can select and reserve resources for other UEs.

Proposal 5:
Operation of Mode 2d is used in unicast/groupcast scenarios.

Proposal 6:
RAN1 further evaluate the performance of Mode 2d, where one UE can reserve sidelink transmission resource for other UEs.

Proposal 7: 
NR V2X supports transmission of pre-emption message for sidelink resource pre-emption

6 References
[1] R1-18xxxxx – “RAN1 #94bis chair notes” – RAN1 chairman
[2] 3GPP TS 22.186, “Enhancement of 3GPP support for V2X scenarios Stage 1”, v16.0.0 


1/1


1 slot
1 slot
1 slot
1 slot
CCA
CCA
CCA
CCA
time
Start time access 
for high priority
Start time access 
for low priority
frequeycy



Start
Step 1: UE determines the number of forward booking announcement messages, the size and duration of the transmission resources for cross-slot scheduling message, data, and control
End
Step 2: UE excludes the reserved resources of other UEs based on decoding SCIs and forward booking announcement messages
Step 3: UE performs resource selection for forward booking announcement message in notification window, control and data in the transmission window
Step 4: UE monitors the notification window, performs collision detection and priority handling
Step 6: UE stops transmissions of the remain  forward booking announcement messages
Step 5: UE needs to reselect data and control transmission resources
Yes
Step 7: UE performs transmission of data and control
No





Forward booking announcement
Control
Data
Notification window
Transmission window




frequency
time


T1
T2
T3
T4



Start
Step 1: UE determines size and duration of the transmission resource
End
Step 2: UE excludes the reserved resources of other UEs based on decoding SCIs
Step 3: UE generates a backoff counter
Step 4: UE performs CCA in the available resources
Step 6: The UE decreases the backoff counter based on the number of available transmission resource
Step 5: Backoff counter ≤ 0
No
Step 7: UE randomly selects one available resource for transmission
Yes



