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1	Introduction
The study of the Uu interface 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 the advanced V2X use cases, and, if necessary, 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 the 3GPP system shall support 99.999% (i.e., BLER 1e-5) UL and DL reliability for an absolute speed of up to 250 km/h. Furthermore, in RAN1#94, remote driving was discussed as one potential V2X use case for Uu feasibility. However, the recent agreement in RAN#81 states that the remote driving use case should be studied and evaluated under the eURLLC SI [3]. 
In this paper, we present simulation results on the feasibility of using the Uu interface for advanced V2X use cases. Note that, in addition to the other advanced use cases (e.g. generalized traffic model and requirements in Table 1 as agreed by RAN1 for evaluations), we also present the results considering the remote driving use case, which has the most extreme requirements as identified by SA1. 
[bookmark: _Ref525914415]Table 1: Data rate and latency requirements for eV2X from [4].
	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


[bookmark: _Ref178064866]2	Link level simulations
For the simulations, the goal is to find the lowest operating point, in terms of SNR, at which a guaranteed bit rate (GBR) can be supported with given reliability and latency. To get a certain GBR, the smallest possible MCS that guarantees a peak throughput higher than that rate is chosen. By enabling link adaptation operating over all MCSs, an average bit rate above the GBR could potentially be achieved at a lower SNR, but a statement about guaranteeing the GBR within the latency window cannot be made by looking at such long-term average metric. The lowest operating point, for a given use case, is determined by the lowest SNRs required to satisfy both the GBR and reliability requirements. 
The results are obtained using HARQ retransmissions, where the number of allowed retransmissions are dependent on the latency requirements and the HARQ round trip time (RTT). For the simulations an RTT of 4, 4, and 6 slots is used for 15 kHz, 30 kHz, and 60 kHz, respectively [Table 5.3-1, [5]]. In the case of 15 kHz and 30 kHz SCS, the 4 slots delay corresponds to one slot of combined processing and scheduling delay at both UE and gNB, one slot for transmission of ACK/NACK and one slot for retransmission. In the case of 60 kHz, the combined processing and scheduling delay is increased to two slots at both UE and gNB. 
Different realistic receivers are used for DL and UL, so performance is asymmetric. One difference lies in the assumed bandwidth for the channel estimation filters. For the DL receiver the filtering bandwidth is kept equal to the default PRB bundling size of two PRBs.    
The simulation parameters are set according to simulation assumptions in [4], unless otherwise stated in the Annex, where also supplementary parameters and assumptions are listed. 
2.1 	Feasibility of remote driving use case 
The requirements of the remote driving use case states a GBR of 1Mbps in DL and 20Mbps in UL, for an e2e latency of 5ms and a reliability of 1e-5. For the simulation results provided in the following sections, a maximum RAN delay of 3ms is assumed, allowing for 2ms core latency. Furthermore, we also provide results for a relaxed 2.5Mbps UL requirement. 
2.1.1 Remote driving, DL 1 Mbps GBR using 10 MHz BW with 3 ms latency
A RAN latency requirement of 3 ms will limit the number of allowed retransmissions. In some scenarios, slot aggregation can be configured to improve performance. This feature makes it possible to retransmit more redundancy versions within the required latency, at the cost of loss in throughput. In this contribution we restrict to an aggregation factor of 2 (aggregationFactorDL/ aggregationFactorUL in [5]). To compensate for the loss in throughput, a higher MCS is chosen when using slot aggregation. In the case of slot aggregation, the HARQ RTT for 15 kHz, 30 kHz, and 60 kHz SCS is 5, 5, and 7 slots, respectively.
Figure 1 and Figure 2 show the minimum SNRs at which the desired packet drop rate of 1e-5 and a GBR of 1 Mbps can be achieved. The minimum SNR required to satisfy the requirements in all the considered scenarios is summarized in Table 2. Slot aggregation reduces the SNR requirement in the case of 15 kHz and 60 kHz SCS scenarios by allowing a greater number of retransmitted slots. In the case of 30 kHz SCS, slot aggregation does not increase the number of retransmissions and the packet drop rate increases due to use of higher MCS.
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[bookmark: _Ref525817181]Figure 1: BLER vs SNR 
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[bookmark: _Ref525817243]Figure 2: Throughput vs SNR


[bookmark: _Ref525817523]From Table 2 below, it can be observed that achieving target BLER is the limiting requirement in this scenario which defines the minimum required SNR. Therefore, use of blind retransmissions may help in further lowering the SNR requirements. 
[bookmark: _Toc525895357][bookmark: _Toc525933987]Using slot aggregation helps in lowering the required SNR when the SNR requirement is limited by target BLER, rather than throughput. 
[bookmark: _Ref525914709]Table 2: Minimum SNRs required to satisfy remote driving DL requirements
	SCS
	Nrof of PRBs
	Slot aggregation
	MCS
	Max Nr. of retransmitted slots 
	Minimum SNR required in dB to satisfy

	
	
	
	
	
	BLER
	GBR
	Both

	15kHz
	52
	No
	0
	0
	-0.25
	-6.13
	-0.25

	
	
	Yes
	1
	1
	-2.40
	-6.54
	-2.40

	30kHz
	26
	No
	0
	1
	-3.22
	-6.55
	-3.22

	
	
	Yes
	1
	1
	-1.00
	-6.15
	-1.00

	60kHz
	13
	No
	0
	1
	-1.16
	-5.19
	-1.16

	
	
	Yes
	1
	3
	-2.65
	-5.43
	-2.65


2.1.2 	Remote driving, UL 20 Mbps GBR using 20 MHz BW with 3ms latency
Figure 3 and Figure 4 show the minimum SNRs at which the desired packet drop rate of 1e-5 and a GBR of 20 Mbps can be achieved. The minimum SNR required to satisfy the requirements in all the considered scenarios is summarized in Table 3. As can be observed, the 15 kHz SCS scenario requires a high SNR to satisfy the packet drop rate requirement since retransmissions are not possible if the 3 ms latency requirement is to be met.
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[bookmark: _Ref525818677]Figure 3: BLER vs SNR
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[bookmark: _Ref525818697]Figure 4: Throughput vs SNR



Also, we can observe that performance of 30kHz comes out to be better than 60kHz at such high speeds. The reason is that when using 30 kHz, the retransmissions make better use of the time diversity that is available within the latency budget.
[bookmark: _Toc525895358][bookmark: _Toc525933988]At high speeds, lowering HARQ RTT may result in performance degradation due to loss of time diversity. 
[bookmark: _Ref525914811]Table 3: Minimum SNRs required to satisfy remote driving UL requirements
	SCS
	Nrof of PRBs
	MCS
	Nrof. retx allowed
	Minimum SNR required in dB to satisfy

	
	
	
	
	BLER
	GBR
	Both

	15kHz
	106
	6
	0
	12
	7.09
	12

	30kHz
	52
	6
	1
	5.09
	7.03
	7.03

	60kHz
	26
	6
	1
	5.81
	7.33
	7.33



Due to the very asymmetric requirement of GBR in UL and DL in the remote driving use case, while the reliability and latency requirements are the same, the UL and DL requirements are met at widely different SNRs despite using twice the bandwidth in UL. As a result, the UL requirements with throughput SNR define the ‘minimum SNR at which the remote driving use case’ can be satisfied.
In the following section, we consider a relaxed UL GBR requirement of 2.5 Mbps for remote driving. 
2.1.3 Remote driving, UL 2.5 Mbps GBR using 20 MHz BW with 3ms latency
Figure 5 and Figure 6 show the minimum SNRs at which the desired packet drop rate of 1e-5 and a GBR of 2.5 Mbps can be achieved. The minimum SNR required to satisfy the requirements in all the considered scenarios is summarized in Table 4.
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[bookmark: _Ref525821104]Figure 5: BLER vs SNR
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[bookmark: _Ref525821113]Figure 6: Throughput vs SNR


It can be observed that with more feasible requirements on UL, the performance of DL and UL becomes comparable. However, in contrast to DL, throughput requirement on UL is more challenging and the required GBR defines the minimum required SNR.

[bookmark: _Toc525895359][bookmark: _Toc525933989]With a relaxed UL target GBR of 2.5 Mbps, the UL and DL has similar performance.
[bookmark: _Ref525914840]Table 4: Minimum SNRs required to satisfy the UL 2.5 Mbps GBR requirements
	SCS
	Nr. of PRBs
	MCS
	Nr. of retx allowed
	Minimum SNR required in dB to satisfy

	
	
	
	
	BLER
	GBR
	Both

	15kHz
	106
	0
	0
	-1.17
	-5.71
	-1.17

	30kHz
	52
	0
	1
	-2.22
	-4.96
	-2.22

	60kHz
	26
	0
	1
	-0.25
	-3.78
	-0.25



2.2 	High traffic Intensity
In this section we investigate the minimum SNR required to satisfy the peak and average GBR requirements of the aperiodic traffic with high traffic intensity use case in Table 1.
2.2.1 High traffic, DL and UL 24 Mbps GBR using 20 MHz BW and 10 ms latency
Figure 7 and Figure 8 show the minimum SNRs at which the desired GBR of 24 Mbps can be achieved. With a larger latency requirement of 10 ms, more retransmissions are allowed as seen in Table 5. In this case, the SNR required to satisfy the GBR is larger than the SNR required to satisfy the reliability requirement and we omit the results for BLER. 
The small asymmetry in the SNR requirements for DL and UL directions is due the different antenna configuration and channel estimation algorithm.
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Figure 7: DL throughput
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Figure 8: UL throughput


[bookmark: _Ref525914919]Table 5: Minimum SNRs required to satisfy the DL and UL 24 Mbps GBR requirement
	SCS
	Nrof of PRBs
	MCS
	Nrof retx allowed
	Minimum SNR required in dB to satisfy

	
	
	
	
	DL GBR
	UL GBR

	15kHz
	106
	7
	2
	9.64
	8.98

	30kHz
	52
	8
	4
	8.16
	8.21

	60kHz
	26
	8
	6
	8.78
	8.50



[bookmark: _Toc525933990]DL and UL requirements for advance V2X use cases can be fulfilled at reasonable SNR values.

2.2.2 High traffic density, DL and UL 16 Mbps GBR using 20 MHz BW and 10 ms latency
Figure 9 and Figure 10 show the minimum SNRs at which the desired GBR of 16 Mbps can be achieved. With a larger latency requirement of 10 ms, more retransmissions are allowed as seen in Table 6. In this case, the SNR required to satisfy the GBR is larger than the SNR required to satisfy the reliability requirement and we omit the results for BLER. 
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Figure 9: DL throughput 
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Figure 10: UL throughput



[bookmark: _Ref525914941]Table 6: Minimum SNRs required to satisfy the DL and UL 16 Mbps GBR requirement
	SCS
	Nrof of PRBs
	MCS
	Nrof retx allowed
	Minimum SNR required in dB to satisfy

	
	
	
	
	DL GBR
	UL GBR

	15kHz
	106
	5
	2
	5.33
	5.07

	30kHz
	52
	5
	4
	4.82
	5.00

	60kHz
	26
	5
	6
	5.02
	5.09





3	Potential enhancements
Our analysis in the preceding sections shows that the NR Uu interface can deliver V2X services with the desired performance levels. Potential enhancements in the direction of increasing reliability or reducing latency are currently being consider in the URLLC SI. In addition, the URLLC SI will consider the remote driving UCs. For these reasons, we believe that the URLLC work should be closely monitored by the V2X SI.
[bookmark: _Toc525933997]RAN1 monitors the enhancements considered in the URLLC SI.
From the analysis of TR 22.186 [6] and the models agreed in [4], it is clear that V2X traffic has widely varying characteristics depending on the UC. Even for a specific UC, different traffic patterns are expected depending on the grade of automation. This is an area in which V2X-specific enhancements may be beneficial. In our view, we should consider two types of enhancements targeting V2X traffic:
· Support of multiple configured grants in SCells with periodicities adapted to V2X traffic patterns.
· Support of UE reports on traffic characteristics for aiding RRM at the gNB.
[bookmark: _Toc525913338][bookmark: _Toc525913579][bookmark: _Toc525933991][bookmark: _Toc525913339][bookmark: _Toc525913580][bookmark: _Toc525933992][bookmark: _Toc525913340][bookmark: _Toc525913581][bookmark: _Toc525933993][bookmark: _Toc525913341][bookmark: _Toc525913582][bookmark: _Toc525933994][bookmark: _Toc525933995]Knowledge of traffic characteristics is very useful at the gNB for RRM purposes.
[bookmark: _Toc525933996]A formal framework for UE reports on traffic characteristics is necessary.
UE reports were also introduced in LTE. However, many aspects of the reports are left up to UE implementation. Consequently, they are of limited use to the eNB. In our view, a formal framework is necessary in NR.
[bookmark: _Toc525933998]RAN1 studies enhancements to adapt configured grants to V2X traffic characteristics.
[bookmark: _Toc525933999]RAN1 studies UE reports of traffic characteristics for enhanced RRM at the gNB. 
4		Conclusions
In the previous sections we made the following observations: 
Observation 1	Using slot aggregation can help in lowering the required SNR when the SNR requirement is limited by target BLER, rather than throughput.
Observation 2	At high speeds, lowering HARQ RTT may result in performance degradation due to loss of time diversity.
Observation 3	With a relaxed UL target GBR of 2.5 Mbps, the UL and DL has similar performance.
Observation 4	DL and UL requirements for advance V2X use cases can be fulfilled at reasonable SNR values.
Observation 5	Knowledge of traffic characteristics is very useful at the gNB for RRM purposes.
Observation 6	A formal framework for UE reports on traffic characteristics is necessary.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 monitors the enhancements considered in the URLLC SI.
Proposal 2	RAN1 studies enhancements to adapt configured grants to V2X traffic characteristics.
Proposal 3	RAN1 studies UE reports of traffic characteristics for enhanced RRM at the gNB.
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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
	20 MHz UL +10 MHz DL 

	Channel codes 
	LDPC

	Signal waveform 
	CP-OFDM

	Subcarrier Spacing
	15kHz, 30kHz, 60kHz 

	Cyclic Prefix (CP) length 
	Normal CP

	Frequency synchronization error
	0

	Time synchronization error
	0

	Retransmission delay 
	4 slots (15/30kHz), 6 slots (60kHz) 

	Number of antennas 
	BS: 2x2, UE: 1x2

	Number of layers
	1 layer UL/DL

	UE receiver algorithm
	Practical channel estimator with practical channel analyzer

	UE moving speed 
	250 km/h 

	Link adaptation scheme
	Fixed MCS from Table 5.1.3.1-2 in [5]
to achieve GBR
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