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Introduction
In RAN #83, a new WI for 3GPP NR V2X was agreed. The objective of the WI with respect to NR V2X resource allocation is [1]:
	· Resource allocation [RAN1, RAN2]
· Mode 1
· NR sidelink scheduling by NR Uu and LTE Uu as per the study outcome
· Mode 2
· Sensing and resource selection procedures based on sidelink pre-configuration and configuration by NR Uu and LTE Uu as per the study outcome
· Support for simultaneous configuration of Mode 1 and Mode 2 for a UE
· Transmitter UE operation in this configuration is to be discussed after the design of mode 1 only and mode 2 only.
· Receiver UE can receive the transmissions without knowing the resource allocation mode used by the transmitter UE. 
· UE relaying resource pool configuration or resource configuration is not supported in this work in Rel-16.




In previous RAN1 meetings in V2X SI stage, the following agreements regarding resource allocation mechanism were approved for NR V2X [2], [3]: 
	Agreements:
Sensing procedure is defined as SCI decoding from other UEs and/or sidelink measurements
· FFS information extracted from SCI decoding
· FFS sidelink measurements used
· FFS UE behavior and timescale of sensing procedure
· Note: It is up to further discussion whether SFCI is to be used in sensing procedure
· Note: Sensing procedure can be discussed in the context of other modes
Resource (re)-selection procedure uses results of sensing procedure to determine resource(s) for sidelink transmission
· FFS timescale and conditions for resource selection or re-selection
· FFS resource selection / re-selection details for PSCCH and PSSCH transmissions
· FFS details for PSFCH (e.g. whether resource (re)-selection procedure based on sensing is used or there is a dependency/association b/w PSCCH/PSSCH and PSFCH resource)
· FFS impact of sidelink QoS attributes on resource selection / re-selection procedure
For Mode-2(a), the following schemes for resource selection are evaluated, including
· Semi-persistent scheme: resource(s) are selected for multiple transmissions of different TBs 
· Dynamic scheme: resource(s) are selected for each TB transmission
Agreements:
Mode-2 supports the sensing and resource (re)-selection procedures according to the previously agreed definitions. 
· FFS resource granularity for sensing & resource (re)-selection, e.g., PRB(s), slots, resource patterns (when applicable), etc.
· FFS detailed conditions when these procedures can apply
Agreements:
· Sub-channel based resource allocation is supported for PSSCH
· FFS details for sub-channels
· FFS other use cases for sub-channel (e.g., measurement, interaction with PSCCH, etc.)
Agreements:
· SCI decoding applied during sensing procedure provides at least information on sidelink resources indicated by the UE transmitting the SCI 




In this contribution, we provide system level evaluations for sidelink Mode 2 resource allocation mechanisms in highway scenario for both aperiodic and periodic traffics. 

Candidate resource allocation mechanisms
Three candidate resource allocation mechanisms are evaluated: the proposed Mode 2 resource allocation, LTE-based Mode 4 resource allocation and reservation-based resource allocation. They are labelled respectively as Proposed Mode 2, Reservation-based, and LTE-based Mode 4 in the evaluation figures.
1. Proposed Mode 2 resource allocation
There are two steps for the proposed Mode 2 resource allocation. Please refer to [2] for further details. 
· Long-term sensing: the UE can first operate a long-term sensing. By long-term sensing, the UE can first find a set of candidate resources that are not reserved or will not be used by other UEs and also meet the latency requirement. In long-term sensing, the UE can sense the channel of past slots and use SCI decoding and RSRP measurement to exclude those resources that are reserved or will be used by other UEs in the resource selection window and thus the UE can find the set of candidate time-frequency resources that are available. Long-term sensing is based on resource(s) before the slot when resource selection is triggered.
· Short-term sensing: the short-term sensing can be operated on those candidate resources that are selected during long-term sensing. For one transmission, the UE uses all or selects some of the candidate resources at current slot that are selected as candidate resource in long-term sensing, and then performs short-term sensing on each candidate time-frequency resource at least based upon SL-RSSI. If the short-term sensing passes and the time-frequency resource is available, the UE can use that resource to transmit. If short-term sensing fails at current slot, candidate resources after the current slot can be used for short-term sensing. By short-term sensing the UE senses the resource to be idle or busy at a random Nth symbol at current slot.
2. Reservation-based resource allocation
Another candidate resource allocation mechanism that is evaluated is Reservation-based resource allocation, where a short-term reservation message is transmitted within a window to reserve a resource for the transmission in the selection window. In the simulation, a short-term reservation signal is ideally decoded by a UE if the UE doesn’t transmit at the same slot as the short-term reservation signal.
3. LTE-based Mode 4 resource allocation
Another candidate resource allocation mechanism that is evaluated is LTE-based Mode 4 resource allocation, where a UE excludes reserved resources from past SCIs and RSRP measurements within a 1s sensing window and randomly select a T-F resource from remaining available candidate T-F resources within a selection window.

Simulation assumptions
In the system level evaluations, a multi-slot resource allocation is used for each packet where SCI format in each TB indicates resources reserved for a UE in the following slots. Sub-channels bundling (3 sub-channels) is adopted for a UE where a multiple of sub-channels in a same slot are allocated for a TB in each slot. Both aperiodic and periodic traffic cases are simulated while aperiodic traffic may constitute a greater challenge to NR V2X due to its bursty property and varied packet size. The scenario simulated is highway scenario with UE dropping Option A. 
Detailed simulation assumptions are shown in Table 1. Please refer to [3] for further details of each simulation parameter.
Table 1: Simulation assumptions
	Parameters
	Values

	Carrier Frequency
	6 GHz

	System bandwidth
	10 MHz

	Subcarrier Spacing
	15 kHz 

	Simulation scenarios
	Highway

	Traffic models
	Periodic traffic, Model 1 (low traffic intensity)
Aperiodic traffic, Model 1 (medium traffic intensity)


	UE drop and mobility
	UE Dropping Option A

	Channel Model
	As defined in 37.885[3]

	Antenna Model
	As defined in 37.885 Antenna element pattern for vehicle UE in Option 1

	Resource allocation mechanisms
	1. Proposed Mode 2 resource allocation.
2. Reservation-based resource allocation
3. LTE-based Mode 4 resource allocation

	Sub-channel size
	5 RBs

	Sub-channel bundling
	3 sub-channels

	Number of UEs
	30



Evaluation results
1.1 Aperiodic traffic/highway Scenario
Figure 1 shows the PRR performance for the three resource allocation mechanisms for highway scenario, UE dropping Option A and aperiodic medium traffic intensity. 
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Figure 1

Figure 2 shows the packet latency performance for the three resource allocation mechanisms for highway scenario, UE dropping Option A and aperiodic medium traffic intensity.
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 Figure 2

It was observed from Figure 1 and 2 that the proposed Mode 2 resource allocation mechanism can achieve much better PRR and latency performance than the other two resource allocation mechanisms for highway scenario, UE dropping Option A and aperiodic medium traffic intensity. The proposed Mode 2 resource allocation mechanism can resolve resource conflict more efficiently, and can achieve better PRR performance. Reservation-based resource allocation cannot achieve better performance than LTE-based Mode 4 resource allocation because of the potential conflict of reservation signals among UEs and fewer available candidate resources due to a shorter selection window. Moreover, the proposed Mode 2 resource allocation mechanism uses one of the earliest available resources for transmission by sensing the channel from the start of the selection window, and can achieve better latency performance. Reservation-based resource allocation mechanism has worst performance in latency because a window is introduced for transmission of reservation signal that may incur extra latency. 
Observation 1: The proposed Mode 2 resource allocation mechanism can achieve much better PRR and latency performance than reservation-based and LTE-based Mode 4 resource allocation mechanisms for highway scenario, UE dropping Option A and aperiodic medium traffic intensity.
1.2 Periodic traffic/highway Scenario
Figure 3 shows the PRR performance for the three resource allocation mechanisms for highway scenario, UE dropping Option A and periodic low traffic intensity. 
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 Figure 3

Figure 4 shows the packet latency performance for the three resource allocation mechanisms for highway scenario, UE dropping option A and periodic low traffic intensity. 
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Figure 4

It was observed from Figure 3 and 4, the proposed Mode 2 resource allocation mechanism can achieve similar PRR performance than the other two resource allocation mechanism, but it can achieve much better latency performance in highway scenario, UE dropping option A and periodic low traffic intensity. Even if the proposed Mode 2 resource allocation mechanism can resolve resource conflict more efficiently especially for system with aperiodic traffic, the PRR performance is similar to those of the other two for periodic traffic. Similarly, the proposed Mode 2 resource allocation mechanism uses one of the earliest available resources for transmission by sensing the channel from the start of the selection window, and can achieve better latency performance. Reservation-based resource allocation mechanism has worst performance in latency because a window is introduced for transmission of reservation signal that may incur an extra latency. 
Observation 2: The proposed Mode 2 resource allocation scheme can achieve similar PRR performance as reservation-based and LTE-based Mode 4 resource allocation mechanisms, but it can achieve much better latency performance in highway scenario, UE dropping Option A and periodic low traffic intensity.
Conclusions
In this contribution, we present system level evaluations for different sidelink Mode 2 resource allocation mechanisms in highway scenario for both aperiodic and periodic traffics. The followings were observed:
Observation 1: The proposed Mode 2 resource allocation mechanism can achieve much better PRR and latency performance than reservation-based and LTE-based Mode 4 resource allocation mechanisms for highway scenario, UE dropping Option A and aperiodic medium traffic intensity.
Observation 2: The proposed Mode 2 resource allocation scheme can achieve similar PRR performance as reservation-based and LTE-based Mode 4 resource allocation mechanisms, but it can achieve much better latency performance in highway scenario, UE dropping Option A and periodic low traffic intensity.
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