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1. Introduction
In RAN #80 meeting, the new SID NR-V2X has been agreed with the objective 1 [1], as follows:
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In this contribution, we study the realization issue on mode-4 based NR-V2X with the stringent reliability, under the condition of out of cellular coverage. Based on our system level simulation (SLS) analysis, it turns out that, in order to achieve the stringent reliability, the sidelink channels dedicated to vehicle UEs should be controlled without any collisions.
2. General Descriptions
Technical report (TR) [2] defines different V2X scenarios, requiring the transport of V2X messages with different performance requirements for the 3GPP system. Four use case groups, such as vehicle platooning, advanced driving, extended sensors, and remote driving, corresponding to 25 use cases for advanced V2X services, are described with stringent requirements such as, the maximum end-to-end latency of 3-10ms, the reliability of 99.99-99.999%, the data rate of 25-1000Mbps, and the minimum required communication range of 80-1000meters.
In our companion contribution [3], we have proposed the sidelink bi-mode transmission to reduce the sidelink transmission latency. In this contribution, we focus on the realization study of stringent reliability required in NR-V2X, based on a SLS. Our intention is to find out somewhat potential solution or mechanism to realize the stringent reliability such as 99.999% packet reception ratio (PRR).
3. SLS based Analysis on Sidelink Reliability
In our SLS based analysis, we still utilize the same subchannel structure as LTE-V2X, where the subchannels as a group of RBs in the same subframe are used to transmit data and control information. Non-adjacent PSCCH+PSSCH subchannelization scheme is implemented with two resource selection schemes, as follows:
· Conventional mode-4 based sidelink transmission scheme (denoted non-orthogonal scheme) considers physical sidelink control channel (PSCCH) decoding and physical sidelink shared channel (PSSCH)-RSRP measurement, based on Step 1~9 with full sensing configuration,, in section 14.1.1.6 of TS 36.213.

· Orthogonal mode-4 based sidelink transmission scheme (denoted orthogonal scheme) considers artificially keeping the orthogonality for both PSCCH and PSSCH. This scheme is not realistic, but it is worthwhile evaluating the best performance as the reference, so as to find out a potential solution.
In the SLS, we mainly take the simulation assumptions based on the evaluation methodology [5], where the traffic model supported is model 1 with periodic traffic packet, considering the pattern of {300 bytes, 190 bytes, 190 bytes, 190 bytes, 190 bytes}. We focus on the ITS band of 5.9GHz with 10MHz bandwidth, equivalent to 50 resource blocks (RBs). As a preparation, we need to collect the link-level block error rate (BLER) curves for PSCCH and PSSCH with the different size subchannels and the different size packets, accordingly. The BLER simulation is based on the simulation assumptions, listed in Table 1, in Annex-1. The BLER curve related to PSCCH mapped on to 2RBs is plotted in Figure 3, and the BLER curves related to PSSCH mapped on to either 20RBs or 40RBs are plotted in Figure 4. These LLS simulation curves are used for BLER mapping purpose (PSCCH and PSSCH) in SLS.
The SLS simulation is performed based on the SLS simulation assumptions, as listed in Table 2. The PRR as a function of vehicle-to-vehicle distance is shown in Figure 1, based on the old channel model in TR 36.885 [6], as well as in Figure 2, based on the new channel model in TR 37.885 [5]. The PRRs with the large scale are plotted in Figure 5 and Figure 6, for the reference purpose.
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Figure 1: PRR vs. vehicle-to-vehicle distance, based on old channel model.
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Figure 2: PRR vs. vehicle-to-vehicle distance, based on new channel model.
According the simulation results, several observations can be made as follows:
· The PRR performance based on the old channel model [6] is much worse than that on the new channel model [5], for both the non-orthogonal and orthogonal schemes. This is because in new channel model, we do not consider NLOSv with LOS path blocked by vehicles. As the plan, simulation results including NLOSv scenario will be reported in next coming meeting.
· Despite of the resource selection schemes and the channel models, the different number of resource blocks (RBs) dedicated to each subchannel results in the different PRR performance. Namely, the subchannel with 20RBs (with repetition) yields better performance than the subchannel with 40RBs (without repetition), due to the transmit diversity.
· With the non-orthogonal scheme, the PRR cannot be guaranteed even within the short vehicle-to-vehicle distance due to the subchannel collision always occurring in sidelink mode-4 transmission. With the orthogonal scheme, however, the PRR can be completely guaranteed within the vehicle-to-vehicle distance of 200m in the old channel model, while the PRR can be fully guaranteed in the new channel model.
Observation-1: In sidelinke mode-4 transmission, unlike the non-orthogonal resource selection scheme, the orthogonal resource selection scheme can achieve the stringent PRR requirement.
Proposal-1: Study a new potential mode-4 based resource selection mechanism, in consideration of the orthogonality between sidelink channels.
4. Conclusion
In this contribution, we have studied the realization issue on mode-4 based NR-V2X with the stringent reliability, under the condition of out of cellular coverage. Based on our SLS simulation analysis, it turns out that, in order to achieve the stringent reliability, the sidelink channels dedicated to vehicle UEs should be controlled without any collisions. The following observation and proposal should be taken into account.
Observation-1: In sidelinke mode-4 transmission, unlike the non-orthogonal resource selection scheme, the orthogonal resource selection scheme can achieve the stringent PRR requirement.
Proposal-1: Study a new potential mode-4 based resource selection mechanism, in consideration of the orthogonality between sidelink channels.
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Annex-1: LLS Simulation Assumptions and Results
The BLER simulation for PSCCH and PSSCH is based on simulation assumptions, listed in Table 1. The BLER as function of SNR is shown in Figure 3 and Figure 4, for PSCCH and PSSCH, respectively. The LLS simulation curves are used for BLER mapping purpose (PSCCH and PSSCH) in SLS.
Table 1: LLS simulation assumptions for PSCCH and PSSCH.
	Attributes
	Values or Assumptions

	Channel Type
	AWGN

	Modulation
	QPSK

	Simulation Time
	10sec (10000 Packets)

	Subframe Structure
	LTE-V2X based

	
	

	Number of RBs in PSCCH
	2 RBs

	PSCCH Payload
	32bits (information) + 16bits (CRC)

	Channel Code for PSCCH
	Tail biting convolutional coding,

base on TS36.212 V13.2.0

	
	

	Number of Subchannels in PSSCH
	20RBs or 40RBs

	PSSCH Size
	Pattern of {300 bytes, 190 bytes, 190 bytes, 190 bytes, 190 bytes}[5]

	Channel Code for PSSCH
	Turbo Code, based on TR36.213
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Figure 3: BLER vs. SNR for PSCCH, with 2RBs, convolutional code, in AWGN.
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Figure 4: BLER vs. SNR for PSSCH, with Turbo code, in AWGN.
Annex-2: SLS Simulation Assumptions and Results

The system level simulation is performed based on the simulation assumptions, listed in Table 2. The PRR as a function of vehicle-to-vehicle distance is shown in Figure 5, based on the old channel model [6], as well as in Figure 6, based on the new channel model [5].
Table 2: SLS simulation assumptions.
	Attributes
	Values or Assumptions

	Number of drop
	30

	Simulation length
	5000[subframes](5s) + warmup(8000[subframes])

	Scenario
	[old model]: base on Freeway case of 3GPP TR 36.885 V14.0.0 [6]
[new model]: base on Highway case of 3GPP TR 37.885 V15.0.0 [5]

	Channel model
	[Old channel model]
Pathloss：LOS in WINNER+ B1 
Shadowing：STD 3dB, Decorrelation distance 25m
Fast fading：NLOS in Section A.2.1.2.1.1(SLS) in TR 36.843（ITU-R IMT UMi）
[New channel model]
Pathloss：Table 6.2.1-1 of TR 37.885
Shadowing：STD 3dB, Decorrelation distance 25m
Fast fading：Section 6.2.3 in TR 37.885

※both model are with fixed large scale parameters during the simulation.

	Speed of vehicle
	70km/h

	Average inter-vehicle [old channel model]
	2.5[s]

	The distance between the rear bumper of a vehicle and the front bumper 
[new channel model]
	Average 2.0[s] with min 2[m]
(vehicle length 5[m])

	Average number of vehicles
	63.1[old channel model], considering 3 lanes

69.3[new channel model], considering 3 lanes

	SINR calculation interval
	1subcarrier, 1symbol

	Carrier frequency
	5.9[GHz]

	Bandwidth
	10[MHz] (50RBs, 600subcarriers)

	Subcarrier spacing
	15[kHz]

	Subframe length
	1[ms] (14symbols)

	Transmission power
	23[dBm]

	TX Antenna Configuration
	1 antenna

	RX Configuration
	2 antennas with λ/2 spacing

	Antenna pattern
	Omnidirectional

	Antenna height
	1.6 [m] (option A, type 2)

	Antenna gain
	3 [dBi]

	Noise figure
	9 [dB]

	Number of DMRS
	4

	Subchannel type
	Non-adjacent PSCCH+PSSCH scheme

	Number of RBs in PSCCH
	2RBs

	Number of RBs in PSSCH
	20, 40RBs

	Size of sub-channel
	20, 40RBs (identical to PSSCH RBs)

	Modulation and Code rate
Error curve type
of PSCCH
	Tail biting convolutional coding 
(constraint length 7, cade rate1/3)
code length 384bits, information bits 32bits + CRC 16bits

	Modulation and Code rate
Error curve type
of PSSCH
	Turbo code
20RB, 190byte: code length 3840bit, TBS 1736bits

20RB, 300byte: code length 3840bit, TBS 2472bits

40RB, 190byte: code length 7680bit, TBS 1800bits

40RB, 300byte: code length 7680bit, TBS 2856bits

	Traffic mode
	100ms interval
(190byte packet: 100ms, 300byte packet: 500ms)

	Resource selection scheme
	1. Mode-4 (with SCI decoded, PSSCH-RSRP, S-RSSI)
2. Orthogonal PSCCH and PSSCH (artificial)

	Threshold for excluding SCI decoded resources
	-128[dBm]

	SL_RESOURCE_RESELECTION_COUNTER
	Randomly select a value between [5 15] in traffic interval 100ms
1. The counter decremented by one after every transmission
2. Resource reselection is triggered if the counter reaches to zero (probResourceKeep=0.8)

	Repetition
	Sub-channel 40RB: without repetition
Sub-channel 20RB: with repetition

IR combining: chase combining
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Figure 5: PRR vs. vehicle-to-vehicle distance, based on old channel model.
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Figure 6: PRR vs. vehicle-to-vehicle distance, based on new channel model.
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
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