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Introduction
In RAN #80, a new SI for 3GPP NR V2X was agreed. One of the objectives of the SI with respect to NR V2X sidelink design is [1]:
	1: Sidelink design [RAN1, RAN2]:
· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 
· Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
· Study NR sidelink physical layer structures and procedure(s)
· Study sidelink synchronization mechanism
· Study sidelink resource allocation mechanism (also including objective 3)
· Study sidelink L2/L3 protocols

NOTE: Only the performance of advanced V2X use cases will be evaluated in the design of NR sidelink.



In RAN1#94b, the following agreements regarding resource allocation mechanism were approved for NR V2X [2]: 
	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 discuss some potential design and views for Mode 2 sidelink resource allocation, including Mode 2-a, Mode 2-b and Mode 2-d, preemption mechanism and resource allocation, resource allocation for retransmission and feedback channels. We also present out views on the design consideration for NR V2X Mode 1 resource scheduling. 

Background
NR V2X would support advanced V2X services beyond services supported in LTE V2X. SA1 has identified 25 use cases for advanced V2X services and they are categorized into four use case groups: vehicles platooning, extended sensors, advanced driving and remote driving [3]. Those advanced V2X services impose much more stringent requirements than basic services supported in LTE V2X. The advanced V2X services in NR require as low as 3ms for advanced driving and extended sensors, in comparison with 10ms in V2X services supported in LTE, as high as 99.999% for advanced driving and extended sensors, in comparison with 95% in V2X services supported in LTE and as high as 1Gbps data rate for extended sensors, in comparison with tens of Mbps inV2X services supported in LTE [4]. It has been discussed in [5] that the stringent advanced requirements of NR V2X may not be met if LTE resource allocation mechanisms are applied to NR V2X without any improvement.

Discussion
1.1 Mode 2-a resource allocation
1 
2 
3 
3.1 
3.1.1 Aperiodic services
As discussed in [5], some new resource selection methods may be considered for aperiodic services in NR V2X. For example, LBT (Listen Before Talk) is used by UEs to reserve resources for aperiodic services with bursty traffic in LTE LAA and IEEE 802.11x. Compared with LBT in LAA and 802.11, a variant LBT procedure for NR V2X should be adopted. NR V2X LBT should be performed with a partial bandwidth sensing, rather than performing LBT on the whole bandwidth. An example of NR V2X LBT-like resource selection procedure may consist of two steps as shown below. In this contribution, when LBT is referred for NR V2X, it is a LBT-like resource allocation method for NR V2X.
In the first step, the UE needs to find a set of candidate resources (LBT blocks) for LBT process e.g., a set of resources that are consecutive in both frequency and time domain, and not reserved by other UEs and can meet the latency requirement for its aperiodic traffic transmission. In the second step, the UE may use all or select some of the LBT blocks from the set of LBT blocks found in the first step, then perform LBT on these LBT blocks respectively. The channel needs to be sensed to be idle for a number of random counter N symbols. When the whole LBT procedure finishes and some candidate channels are sensed to be idle on these LBT blocks, the UE can select (e.g., randomly or select the candidate channel with some metrics) one of the candidate channels to continue the following transmission. When the current timing is not at a time slot point, the UE can transmit some data on one of the candidate channels until the timing comes to a slot time point. 
This data may be a separate control channel other than PSCCH and PSSCH. From the start of next slot, the UE starts to transmit the PSCCH and PSSCH. This data may also be a separate control channel plus part of the following PSCCH and PSSCH to make better use of resources. The timing point when this data is transmitted may be aligned with a unit of m symbols in order to reduce blind decoding complexity. Other resources that are not occupied by this data may be used to transmit some useless data so that other UEs may be aware that they are occupied by another UE when they are doing LBT. The information that this separate control channel carries may include resource allocation information of the following PSCCH in time or frequency domain or both domains that can reduce the blind decoding complexity of PSCCH.
For physical channel structures where PSCCH and the associated PSSCH are multiplexed in the same slot, the sensing occasion for LBT on each LBT block may be slot aligned or start from any OFDM symbol that is not excluded in the LBT block in the first step of LBT resource selection procedure. For physical channel structures where PSCCH and the associated PSSCH are multiplexed in different slots, the sensing occasion for LBT on each LBT block may start from any PSSCH OFDM symbol that is not excluded in the LBT block during the first step of LBT resource selection procedure.
One example is shown in Figure 1. For a candidate resource selected for LBT, the UE performs the LBT starting from slot n, where the UE detects the channel to be idle for 7 OFDM symbols. Before transmission, the UE needs to perform Rx-Tx switching at OFDM symbol 8. A separate control channel in slot n is followed by the PSCCH and PSSCH. This separate control channel is transmitted at OFDM symbols 9-10 if it occupies 2 symbols and is aligned with a unit of 2 symbols. From OFDM symbols 11 in slot n to slot n+1, the UE transmits the PSCCH and PSSCH.
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Figure 1
3.1.2 Periodic services
LBT-like resource allocation should also be considered for periodic services. In the LBT-like resource selection for periodic services, the UE should exclude resources reserved for both periodic and aperiodic services. The SCI for aperiodic services should indicate the time duration the resources are reserved. When the SCI is not correctly decoded, the UE that does the sensing cannot know how long the resources are reserved for aperiodic services, and will select resources with minimum energy measurements in the sensing window. It may have a high probability that a resource reserved for aperiodic services is selected and it may degrade the resource selection performance. 
One of the considerations for periodic services is the UE performs the LBT on the LBT blocks and reserves a set of periodic resources in the resource reselection procedure. By using LBT, The UE will have a higher probability that a resource that is not occupied by aperiodic services is selected. The drawback is that more resources will be wasted for resource sensing. But resource waste only occurs at the time when the UE performs resource reselection. The system design should consider both resource selection performance and resource utilization.
One example is shown in Figure 2 below. If the UE selects the resource with minimum energy measurements among the candidate resources obtained by excluding resources reserved for periodic services. The UE may have a high probability that one of the resources for aperiodic services (marked in red in the figure) get selected because the energy measurements for these resources in the sensing window may be low. If LBT-like resource selection is performed for periodic services, the UE can avoid selecting a resource reserved for aperiodic services (resources in red in this figure).
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Figure 2

3.1.3 Half-duplex issues
Due to half-duplex constraints, there is a problem of resource collision. Consider a case shown in Figure 3 where the counter N can take a continuous number, 0, 1, 2…… If UE1 senses the channel to be idle until OFDM symbol 7 (N = 7 for UE1), it performs Rx-Tx switching at OFDM symbol 8. Because UE1 doesn’t transmit data at OFDM symbol 8 (Rx-Tx switching at OFDM symbol 8), UE2 also senses the channel to be idle until OFDM symbol 8 (N = 8 for UE2). Both UE1 and UE2 sense the channel idle and determine this channel can be used for data transmission. A resource collision between UE1 and UE2 will result. One approach to solve this problem is that a constraint may be applied to the number that the counter N can take, e.g., the counter N can only take the numbers of 0, 1, 3, 5….
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Figure 3
Proposal 1: Support a unified LBT-like resource allocation mechanism for both aperiodic and periodic services in NR V2X Mode 2-a. FFS the resource allocation details.
1.2 Preemption mechanism and resource allocation
As discussed in [5], if no candidate resource in the selection window can be successfully sensed for a UE to satisfy the latency requirements, a preemption indication can be used and sent out first to indicate to other UEs the candidate resource that the UE needs to use. In order for a UE to preempt a resource reserved by another UE, the packet that the UE needs to send must have a higher priority than those of the peempted UE. The service of the UE that preempts or is prempted can be either periodic or aperiodic. For aperiodic services, the preempted resource can be a few consecutive slots. For periodic service, the preempted resource can be a set of periodic resources for a duration of time.  
The preemption indication (PI) can be in the form of a PSCCH or another special form of preemption indication channel. The UE whose candidate resources is preempted by another UE will either drop the packet or trigger a new resource reselection and so on. In some cases where a SCI and associated data are located in the same slot, a preemption indication may be required to be transmitted earlier than the SCI with associated data. So a special form of preemption indication channel is necessary where a preemption indication can be sent without an associated PSSCH channel. For a form of PSCCH used for preemption indication, there is an associated PSSCH that is sent along with the PSCCH.
When a separate preemption indication channel is used to indicate to other UEs the reserved resources that are preempted, the resource allocation of preemption indication channels needs to be studied, especially for autonomous resource selection. 
For a network controlled resource allocation, the gNB may allocate the resource for the preemption indication channel and indicate it in the DCI form.
For autonomous resource allocation, an example of a PI channel structure is shown in Figure 4. It consists of two parts: sensing part and PI transmission part. When the sensing is successful in the first OFDM symbols, the PI transmission may start from next OFDM symbol until the end of the slot. 
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Figure 4
Proposal 2: Support preemption mechanism in NR V2X. FFS its resource allocation methods for preemption indication.
1.3 Resource allocation for retransmission and feedback channels 
The number of retransmissions can be more than one to meet the reliability requirement of NR V2X. The resource allocation procedure should consider the resource allocation for more than one number of retransmissions. 
For aperiodic packet transmissions, if LBT is used for resource allocation, the retransmission resources need to be sensed separately. Because the SCI of the initial transmission needs to carry the information (T-F resources) of retransmission resources, the retransmission resources need to be known by the UE at the time of initial transmissions. So the retransmission resources need to be determined at least the same time as its corresponding initial transmission. If LBT is used for retransmissions, the UE needs to start the LBT for retransmission resources at least the same time as its corresponding initial transmission. Therefore, it needs to reserve more resources for retransmissions, and leads to resource waste. A same or different resource allocation method for the initial transmission and corresponding retransmissions may be considered for the UE.
Furthermore, RV retransmissions with either a fixed or a signaled RV sequence and ACK/NACK feedback channel resource allocation can also be studied to further improve the HARQ performance. As an example of ACK/NACK feedback channel resource allocation, the ACK/NACK feedback resource can be determined by its associated SCI.
Proposal 3: Study enhancements on retransmissions, resource allocation methods for retransmissions and ACK/NACK feedback channels in NR V2X. 
1.4 Mode 2-d(b) resource allocation
Mode 2-d may have limited application scenarios, e.g., probably only application in Vehicles Platooning, but entails much specification work. A more reasonable consideration is that the scheduling UE only provides assistance information to other member UEs. For example, a resource set for the group may be reserved by the scheduling UE either semi-statically or dynamically. This resource set will be signaled to each member UE and utilized by each member UE to perform resource sensing. For resource allocation mechanism in each member UE, there is not any specification work. All member UEs perform resource allocation individually on this resource set. Similar to Mode 2-b, the specification work may only be focused on e.g., how the assistance information is delivered, and how the assistance information is used for resource allocation. In this sense, Mode 2-d may be regarded as a form of Mode 2-b. An example procedure for Mode 2-d is shown in Figure 5.


Figure 5
Proposal 4: Further study the feasibility of Mode 2-d regarded as a form of Mode 2-b. 
1.5 Mode 1 resource allocation
Similar to Mode 3 in LTE, the sidelink resource and transmission are scheduled by the gNB. The general procedure in Mode 1 is: the UE first send a request to the gNB to request sidelink resource and transmission, and then the gNB can send control signalling (in LTE Mode 3, it is DCI format 5A) to schedule the sidelink resource to that UE.
The first challenge for Mode 1 resource allocation is ultra-low latency requirement of advanced V2X services. The services of advanced driving and extended sensors require as low as [3ms] end-to-end latency. To support such low latency transmission on sidelink, short-latency resource request mechanisms are needed to achieve such low latency transmission. In NR V2X, if the same resource request mechanism as LTE is used, we can reduce the latency through a larger subcarrier spacing and then a shorter slot length. However, there is still difficulty to achieve the latency requirement. Some enhancement for the sidelink resource request is needed for NR V2X. See our companion contribution for more details [6]. 
The packets in advanced V2X services can be bursty with various packet size. If the aperiodic packet is too large, it needs more than one slot resource to complete the transmission of the bursty packet. The resource allocation for the aperiodic packet may be performed one-shot for multiple slots by the gNB, rather than dynamically allocating a resource once for each slot. See our companion contribution for more details [6]. 
Proposal 5: For NR V2X Mode 1 resource allocation, study the following designs:
· Low-latency sidelink resource request and scheduling mechanisms;
· Scheduling multiple sidelink T-F resources by one resource scheduling control signaling. 
Conclusions
This contribution discusses NR V2X sidelink resource allocation mechanisms including NR V2X Mode 2 resource selection, preemption mechanism and resource allocation, resource allocation for retransmission and feedback channels, and NR V2X Mode 1 resource allocation. The followings were proposed:
Proposal 1: Support a unified LBT-like resource allocation mechanism for both aperiodic and periodic services in NR V2X Mode 2-a. FFS the resource allocation details.
Proposal 2: Support preemption mechanism in NR V2X. FFS its resource allocation methods for preemption indication.
Proposal 3: Study enhancements on retransmissions, resource allocation methods for retransmissions and ACK/NACK feedback channels in NR V2X. 
Proposal 4: Further study the feasibility of Mode 2-d regarded as a form of Mode 2-b. 
Proposal 5: For NR V2X Mode 1 resource allocation, study the following designs:
· Low-latency sidelink resource request and scheduling mechanisms;
· Scheduling multiple sidelink T-F resources by one resource scheduling control signaling. 
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