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1 Introduction

In the study item description [1], the following objectives were specified for sidelink design: 
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

In this contribution, we provide our views on sidelink resource allocation mechanism for NR V2X.   
In TR 37.885 “Study on evaluation methodology of new Vehicle-to-Everything V2X use cases for LTE and NR” [2], multiple traffic models were specified for evaluation.  For NR V2X, diverse traffic needs to be supported, including: periodic/aperiodic traffic, different magnitudes of packet sizes: from hundreds of bytes up to tens of thousands of bytes, and fixed/varying packet sizes. In this contribution, we first discuss resource allocation mechanism for periodic traffic, then treat aperiodic traffic, and finally provide some system level evaluation results for aperiodic traffic case. 

2 Resource allocation for periodic traffic 
For periodic traffic, the following options [2] are supported for the traffic model:
· Periodic traffic
· 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
Model 1 is for modelling basic safety messages which contain information on location, speed, and direction etc. of a vehicle. This type of traffic is periodic with fixed pattern. Model 1 is already supported by LTE V2X. NR V2V should continue to support Mode 3 SPS configuration and Mode 4 sensing based resource selection for SPT. 

One important use case for Model 2 is vehicles platooning. Different from fixed pattern of packet sizes in Model 1, in Model 2, the packet size is random with 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8. We can keep using Mode 3 SPS configuration and Mode 4 sensing based resource selection for SPT. Fixed resource size is allocated for both packet sizes but with different MCS. We should be open to other resource allocation mechanisms if better performance can be shown via system level simulation. 
Proposal 1: For periodic traffic Model 1 and Model 2, continue employing Mode 3 SPS configuration and Mode 4 sensing based resource selection for SPT. 

Model 3 is for modelling high intensity traffic in video data sharing case. The associated service is usually unicast or groupcast to small number of receivers. Considering high date rate required to be supported, Mode 3 SPS configuration with certain enhancement is suitable to support Model 3 traffic. For example, for Model 3, eNB/gNB can configure SPS resources which are enough for maximal packet size i.e. 60000 bytes. When the UE doesn’t use up all the resources on certain preconfigured SPS occasions, it can in advance inform eNB/gNB release part of resources for other use.  

Proposal 2: For periodic traffic Model 3, consider employing Mode 3 SPS configuration with enhancement.
3 Resource allocation for aperiodic traffic 
Aperiodic traffic should be the focus of NR V2X study. For aperiodic traffic, the following options [2] are supported for the traffic model: 
· Aperiodic traffic
· 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
Model 1 is for modelling the use case of Collective Perception of Environment. Since inter-packet arrival time is random, i.e. traffic is not periodic, SPT (semi-persistent transmission) can’t be employed. Hence sensing based resource selection can’t be used accordingly. Random resource selection is a simple choice but its performance may not be satisfactory as shown in system level performance evaluation part in section 4.  
While packet sizes supported in LTE V2V are 300bytes/190bytes, maximal packets size of aperiodic traffic Model 1 is increased from hundreds of bytes to thousands of bytes. Hence it becomes more efficient to rely on relatively much smaller SAs instead of data channels for collision avoidance. Hence we propose keep using SA mechanism to facilitate resource selection. 

To achieve low latency, SA and data pools should still be FDMed as shown in the following figure. 
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Fig.1. SA and data channels for periodic/aperiodic traffic 
To achieve collision avoidance, SA is sent before associated data from a UE. Then neighbouring UEs have the chance to decode SAs and avoid using the resources to be occupied by the UE. The SA indicates the locations (both time and frequency locations) of all transmissions of the associated data. 
A vehicular UE continuously decodes SAs from other UEs and performs RSRP (reference signal received power) measurements on these PSCCH channels. Based on decoded SAs and measured RSRPs, the UE can estimate interference levels of data resources in its data resource selection window. The UE can exclude data resources with interference levels higher than a configured threshold. 

When aperiodic traffic amount is sufficient, it’s better to configure separate pools for periodic/aperiodic traffic. It’s easier to control system level performance by configuring different CBR thresholds for separate periodic/aperiodic pools. 
Proposal 3: For aperiodic traffic Model 1, consider FDM SA and data pools for low latency. 

Consider SA is sent before associated data to facilitate collision avoidance. 
Model 2 is for modelling high intensity traffic in sensor sharing case. The associated service is usually unicast or groupcast to small number of receivers. Since traffic is aperiodic, SA based resource selection mechanism can also be applied here with SA sent before associated data.
4 System level performance evaluation 
For aperiodic traffic model 1, we performed system level simulations to evaluate the performance of resource selection schemes. The system level simulator is compliant with the evaluation methodology agreed in RAN1 and summarized in [2]. The resource selection schemes simulated include random resource selection and SA based resource selection. 
The carrier frequency is set as 6 GHz. The number of PRBs for a PSSCH is proportional to packet size, e.g. 8 PRBs for 200 byte-packet, 16 PRBs for 400 byte-packet, etc. and the allocated frequency resource for data channels is 160 PRBs. The number of PSSCH transmissions for a TB is 1. In the simulation, ideal SA decoding is assumed where all UEs can correctly decode SAs transmitted from other nearby UEs. The exception is that a UE can’t receive SAs from other UEs while transmitting its own SA in a sub-frame. 
The following figures (Fig.1 and Fig.2) show the PRR (packet reception ratio) vs. distance for two options of the highway scenario. For option A, both140km/h and 70km/h UE velocity cases are simulated. For both option A and option B, compared with random resource selection, SA based resource selection can substantially improve the system level performance. 
[image: image2.emf]0 100 200 300 400 500 600

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Distance (m)

PRR

Highway, Option A

 

 

Random resource selection, 140km/h

Random resource selection, 70km/h

SA based resource selection, 70km/h

SA based resource selection, 140km/h


Fig.2. Reliability performance for aperiodic traffic in highway scenario (Option A)
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Fig.3. Reliability performance for aperiodic traffic in highway scenario (Option B)
Observation 1: For aperiodic traffic Model 1, SA based resource selection can substantially improve the system level performance in highway scenario. 
5 Conclusions

In this contribution, we provide our views on sidelink resource allocation mechanism for NR V2X, summarized in the following proposals and observations: 
Proposal 1: For periodic traffic Model 1 and Model 2, continue employing Mode 3 SPS configuration and Mode 4 sensing based resource selection for SPT. 
Proposal 2: For periodic traffic Model 3, consider employing Mode 3 SPS configuration with enhancement.
Proposal 3: For aperiodic traffic Model 1, consider FDM SA and data pools for low latency. 

Consider SA is sent before associated data to facilitate collision avoidance.

Observation 1: For aperiodic traffic Model 1, SA based resource selection can substantially improve the system level performance in highway scenario.
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Appendix

In this section, we provide summary of simulation parameters of the system level simulations.

Table 1: Summary of system level evaluation assumptions
	Parameters
	Values

	Carrier frequency
	6 GHz

	SCS (sub-carrier spacing)

	15 KHz

	Bandwidth
	160 PRBs for PSSCH

	V2V message packet size
	Uniformly random in the range between 200 bytes and 2000 bytes with the quantization step of 200 bytes 

	Packet modulation/coding
	16 QAM, LDPC, 8k PRBs for 200k bytes

	Traffic model 
	Aperiodic traffic Model 1:

Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms

	Velocity for vehicle TX UE and RX UE
	Highway scenario: 

Option A: 140 km/h and 70 km/h 
Option B: Lane 1~6: 80, 100, 140, 40, 30, 20 km/h

	The number of PSSCH transmissions for a TB 

	1

	Service type
	Broadcast
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