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Introduction
In RAN1 #94 meeting, it was agreed that at least two basic resource allocation types mode 1 and mode 2 were supported in NR V2X sidelink communication, as shown in the below:
[bookmark: _Ref494215420]Agreements:
· At least two sidelink resource allocation modes are defined for NR-V2X sidelink communication
· Mode 1: Base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s)
· Mode 2: UE determines (i.e. base station does not schedule) sidelink transmission resource(s) within sidelink resources configured by base station/network or pre-configured sidelink resources
Notes:
· eNB control of NR sidelink and gNB control of LTE sidelink resources will be separately considered in corresponding agenda items. 
· [bookmark: _GoBack]Mode-2 definition covers potential sidelink radio-layer functionality or resource allocation sub-modes (subject to further refinement including merging of some or all of them) where
a) UE autonomously selects sidelink resource for transmission
b) UE assists sidelink resource selection for other UE(s)
c) UE is configured with NR configured grant (type-1 like) for sidelink transmission
d) UE schedules sidelink transmissions of other UEs
RAN1 to continue study details of resource allocation modes for NR-V2X sidelink communication
In mode 1, base station schedules resources for UE’s sidelink transmission, while in mode 2, UE itself has to determine resources for transmission with assisted information from another UE, base station/network or pre-configured. In this contribution, we first analyze two new traffic modes of NR V2X, and then discuss potential resource allocation schemes for coping with the new traffic modes.   

Discussion
New traffic modes of NR V2X
Compared with periodic traffic of fixed packet size in LTE V2X, two new traffic modes have been introduced in NR V2X: periodic traffic with variable packet size and aperiodic traffic. 
· Periodic traffic mode with variable packet size
In this mode, the packet size varies depending on the strength of the traffic. As given in 37.885[1], different packet size ranges are provided for low, medium, and high traffic intensity, as shown in the below:
· Model 1 (low traffic intensity) 
- Inter-packet arrival time: 100 ms
- Packet size: Pattern of {300 bytes, 190 bytes, 190 bytes, 190 bytes, 190 bytes} with random starting point for each UE
- Latency requirement: 100 ms
· Model 2 (medium traffic intensity)
- Inter-packet arrival time: 10 ms
- Other value(s) are not precluded, e.g., 100ms
- Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
- Latency requirement: 10 ms
· Model 3 (high traffic intensity)
- Inter-packet arrival time: 30 ms
- Packet size: Uniformly random in the range between 30000 bytes and 60000 bytes with the quantization step of 10000 bytes
- Latency requirement: 30 ms
· Aperiodic traffic mode 
In this mode, the packet arrives in an aperiodic manner with variable packet size depending on the strength of the traffic. As given in 37.885[1], inter-packet arrival time and different packet size ranges are provided for medium and high traffic intensity, as shown in the below:
· Model 1 (medium traffic intensity) 
- Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
- Packet size: Uniformly random in the range between 200 bytes and 2000 bytes with the quantization step of 200 bytes
- Latency requirement: 50 ms
· Model 2 (high traffic intensity)
- Inter-packet arrival time: 10 ms + an exponential random variable with the mean of 10 ms
- Packet size: Uniformly random in the range between 10000 bytes and 30000 bytes with the quantization step of 4000 bytes
- Latency requirement: 10 ms
- For evaluations of UE-network relaying or coexistence of sidelink and Uu in licensed spectrum, cellular UEs generate packets using FTP model 3
New traffic modes challenge the existed sensing-based SPS scheme which performs well for periodic services with fixed packet size in LTE V2X, and thus, enhancements on the existed scheme should be studied. On the other hand, some companies propose that Listen Before Talk (LBT) schemes developed in LAA/NR-U and configured grant schemes developed in NR Uu link can also be applied to cope with new traffic modes[2][3]. In the following, we provide our considerations on these potential resource allocation schemes for NR sidelink mode 2. 
Discussion on resource allocation methods
· Sensing-based SPS 







[bookmark: OLE_LINK1]In sensing-based SPS scheme, UE executes resource (re)selection when resource reselection counter reaches to 0. Based on sensing results through SCI decoding and energy measurement within a sensing window of size, proper resource is selected from (pre-) configured resource pool within a resource selection window of size. Here  denotes the subframe where UE triggers a resource (re)selection, and, are values randomly selected by UE from (pre-)configured value ranges,  ,. 
Proper resource selection relies on excluding resources reserved within selection window, based on the decoded SCI received within sensing window. However, for periodic service with variable packet size and aperiodic service, resources to be reserved cannot be obtained correctly by decoding SCI within sensing window, causing severe performance loss of sensing-based SPS mechanism. Based on the above reason, if sensing-based SPS resource selection scheme is directly applied to NR V2X periodic traffic with variable packet size or aperiodic service, the resources will be reserved by considering the maximum packet size due to unpredictable packet size[4] , resulting in very low resource utilization efficiency. Furthermore, the transmission latency of sensing-based SPS resource selection mechanism is limited by the size of resource selection window, where the minimum achieved latency is equal to the size of resource selection window. The minimum size of resource section window in LTE V2X is 10ms which cannot meet requirements of NR V2X advanced applications. Considering a more strict latency requirement of 3ms in NR V2X, the size of resource selection window should be reduced accordingly, causing an increased collision of resource selection. Therefore, enhancements on resource selection window should also be studied. 
Proposal 1: Study enhanced scheme of sensing-based SPS for NR V2X new traffic modes.
· LBT
LBT is a resource allocation mechanism which is currently under discussion in NR-U. In 36.889[5], the following LBT definition is given: “The listen before talk (LBT) procedure is defined as a mechanism by which an equipment applies a clear channel assessment (CCA) check before using the channel. The CCA utilizes at least energy detection to determine the presence or absence of other signals on a channel in order to determine if a channel is occupied or clear, respectively.” 
There are four types of LBT [5]: 
· Category 1: No LBT
· No LBT procedure is performed by the transmitting entity. 
· Category 2: LBT without random back-off
· The duration of time that the channel is sensed to be idle before the transmitting entity transmits is deterministic. 
· Category 3: LBT with random back-off with a fixed contention window size
· The transmitting entity draws a random number N within a contention window. The size of the contention window is specified by the minimum and maximum value of N. The size of the contention window is fixed. The random number N is used in the LBT procedure to determine the duration of time that the channel is sensed to be idle before the transmitting entity transmits on the channel. 
· Category 4: LBT with random back-off with a variable contention window size
· [bookmark: OLE_LINK4]The transmitting entity draws a random number N within a contention window. The size of contention window is specified by the minimum and maximum value of N. The transmitting entity can vary the size of the contention window when drawing the random number N. The random number N is used in the LBT procedure to determine the duration of time that the channel is sensed to be idle before the transmitting entity transmits on the channel.
The LBT category 2 and 4 are adopted in NR-U, and can well support both periodic and aperiodic services. However, if the number of UEs for access is large, the competitive access mechanism of LBT may cause heavy resource collisions and affect the reliability of transmission. Besides, the intrinsic characteristic of LBT mechanism leads to a low resource efficiency as it requires a certain period of time for listening before occupying the channel. In order to improve resource efficiency and reduce collision, a flexible LBT scheme to cope with various burst transmission should be studied by considering the occasion granularity of LBT, the resource granularity of LBT, the size of LBT detection window, as well as the combination of LBT and priority.
· Configured grant 
Configured grant transmission developed in NR Uu link includes two types. Configured grant type 1 is completely configured by RRC signaling, thus it is helpful for UE to save L1 signaling overhead and air-interface latency, which is good for some ultralow latency NR V2X services. While configured grant type2 is configured by RRC signaling and activated/deactivated by L1 signaling, and this kind of flexible combination of semi-static higher layer signaling and dynamic L1 signaling allows more complex traffic mode. In addition, both types of configured grant transmission can improve reliability by supporting repetition.
The configured grant scheme works in a semi-static resource allocation manner. A UE is configured with a periodic resource of fixed size in one resource configuration. Either periodic or aperiodic packet can be transmitted on this resource. However, for aperiodic case, the fixed transmission resource configuration will cause a waste of time-frequency resources. Furthermore, regarding to the variable packet size, multiple resource configurations can be used for transmitting packet of one certain size on each configuration, but also cause a waste of time-frequency resources. 
As discussed above, for two new traffic modes, both LBT scheme and configured grant scheme should be further studied to improve transmission reliability and resource efficiency.
Proposal 2: Study the enhancement of LBT and configured grant scheme to improve reliability and resource efficiency for NR V2X new traffic modes.
According to our analysis on three potential resource selection mechanisms, the existed sensing-based SPS performs well for periodic traffic services with fixed packet size, but falls into a severe performance loss for new traffic modes. LBT and configured grant mechanisms are applicable to arbitrary traffic mode, but may cause severe collisions and low resource utilization efficiency. Therefore, it’s better to study possible combinations of three resource selection mechanisms for obtaining more benefits.  
Proposal 3: Study possible combinations of sensing-based SPS, LBT, and configured grant resource allocation mechanism for NR V2X periodic and aperiodic services. 

Conclusion
In this contribution, we discussed the resource allocation for mode 2 for NR V2X sidelink transmission. 
Proposal 1: Study enhanced scheme of sensing-based SPS for NR V2X new traffic modes.
Proposal 2: Study the enhancement of LBT and configured grant scheme to improve reliability and resource efficiency for NR V2X new traffic modes
Proposal 3: Study possible combinations of sensing-based SPS, LBT, and configured grant resource allocation mechanism for NR V2X periodic and aperiodic services. 
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