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1	Introduction
Uu enhancements for advanced V2X use cases is one of the objectives of the NR V2X SI for Rel.16 [1]. It first aims at evaluating whether Rel-15 NR Uu and LTE Uu interfaces can support advanced V2X use cases and then study possible enhancements. In this paper, we study the feasibility of Rel. 15 NR Uu interface for advanced V2X use cases by performing link-level simulations. 
According to [2], for some advanced V2X use cases (e.g. remote driving) the 3GPP system shall support 99.999% (i.e.1e-5) UL and DL reliability for an absolute speed of up to 250 km/h. The Table 1 below lists the data rate and latency requirement for different traffic models according to the eV2X evaluation methodology defined in [3]. This paper evaluates whether the current NR Uu physical layer can meet the eV2X reliability, latency and data rate requirement at 250 km/h moving speed of the UE. 
Table 1. Data rate and latency requirement for eV2X
	Traffic model
	Data rate requirement [kbps]
	Latency requirement [ms]

	Periodic traffic
	 Low traffic intensity
	16.96 
	100

	
	Medium traffic intensity 
	640-960, average 704 
	10

	
	High traffic intensity 
	8000-16000, average 12000 
	30

	Aperiodic traffic
	Medium traffic intensity 
	32-320, average 176
	50

	
	High traffic intensity 
	8000-24000, average 16000 
	10



Detailed link simulation’s parameters are given in the Annex. The other parameters are set according to simulation assumptions described in [3]. 
[bookmark: _Ref178064866]2	Reliability considerations
In this section, we discuss the reliability performance of NR Uu interface. Figure 1 below shows the BLER after retransmissions (until the transmission is successful or maximum number of retransmission is reached) vs. SNR. It can be seen that 99.999% reliability can be achieved at a fairly low SNR, i.e. around -6 dB for both 15 kHz and 30 kHz subcarrier spacing (SCS), and for both UL and DL, assuming a with maximum 3 number of retransmissions (cf. Appendix). 
[bookmark: _Toc521397704][bookmark: _Toc521685672]High reliability can be achieved for both 15 kHz and 30 kHz SCS at fairly low SNR with 250 km/h UE moving speed. That means, the current NR Uu physical layer can achieve the desired reliability for advanced V2X use cases. 
[image: ]
Figure 1. BLER after retransmissions vs. SNR

[bookmark: _Ref189046994]3	Latency considerations
In this section, we discuss the latency performance. Figure 2 below shows the required number of transmissions for a successful data transmission at -6 dB SNR with 15 kHz SCS. Similarly, this is shown for 30 kHz SCS in Figure 3. Clearly most data are successfully transmitted with 2 retransmissions, very rarely 3 retransmissions are needed. This means with 4 slots retransmission delay, the physical layer latency is in most time 9 slots and very rarely may reach 13 slots, corresponding to 9 ms and 13 ms for 15 kHz SCS while 4.5 ms and 6.5 ms for 30 kHz SCS. This implies the NR Uu physical layer is capable of fulfilling the 10 ms latency requirement in most time for 15 kHz SCS, for 30 kHz SCS the latency can even be reduced to 6.5 ms.   
[bookmark: _Toc519687493][bookmark: _Toc521685673]10ms latency requirement can be met in most times for 15 kHz SCS and 6.5 ms can be achieved for 30 kHz SCS. In other words, the current NR Uu physical layer can achieve the desired latency for advanced V2X use cases.

         [image: ]       Figure 2. Number of required transmissions at -6 dB SNR, 15 kHz SCS 
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3	Data rate considerations      Figure 3. Number of required transmissions at -6 dB SNR, 30 kHz SCS 

In this section, we discuss the data rate performance. Figure 4 below shows the data rate vs. SNR with 10 MHz bandwidth for UL and DL respectively. Clearly, all but the most demanding data rate requirements can be met with 10 MHz bandwidth at reasonable SNR values. For the highest requirement (16 Mbps), a combination of increased bandwidth and or power is also sufficient for delivering the desired rates. We note that further system level investigations are needed to evaluate whether the data rate requirement can be meet at the system level. 
[bookmark: _Toc519687494][bookmark: _Toc521685674]Current NR Uu physical layer can achieve the desired eV2X data rate at low SNR (-4 dB) with 100 MHz system bandwidth.
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Figure 4. Data rate vs. SNR, 10 MHz bandwidth
4		Conclusion
In the previous section, we made the following observations: 
Observation 1	High reliability can be achieved for both 15 kHz and 30 kHz SCS at fairly low SNR with 250 km/h UE moving speed. That means, the current NR Uu physical layer can achieve the desired reliability for advanced V2X use cases.
Observation 2	10ms latency requirement can be met in most times for 15 kHz SCS and 6.5 ms can be achieved for 30 kHz SCS. In other words, the current NR Uu physical layer can achieve the desired latency for advanced V2X use cases.
Observation 3	Current NR Uu physical layer can achieve the desired eV2X data rate at low SNR (-4 dB) with 100 MHz system bandwidth.
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6	Annex 
The table below gives some simulation parameters. The other parameters are set according to simulation assumptions described in [3]. 
     Table 2. simulation parameters 
	Carrier frequency
	2 GHz 

	Channel model (fast fading model)
	TDL-A, 300 ns 

	Bandwidth
	10 MHz UL +10 MHz DL 

	Channel codes 
	LDPC

	Signal waveform 
	CP-OFDM

	Subcarrier Spacing
	15 KHz and 30 KHz 

	Cyclic Prefix (CP) length 
	Normal CP

	Frequency synchronization error
	0

	Time synchronization error
	0

	Number of (re)transmissions 
	Up to 4

	Retransmission delay 
	4 slots 

	Number of antennas 
	BS: 2x2, UE: 2X1

	UE receiver algorithm
	Practical channel estimator with genie channel knowledge

	UE moving speed 
	250 km/h 

	Link adaptation scheme
	Outer loop with 10% BLER target
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