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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
A study item on NR V2X was approved at RAN#80 and one objective is to study Uu enhancements for advanced V2X use cases [1]:
2: Uu enhancements for advanced V2X use cases [RAN1, RAN2, RAN3]:
· Evaluate whether Rel-15 NR Uu and LTE Uu interfaces will support advanced V2X use cases
· Identify enhancements, if any, that are needed to meet advanced V2X use cases

NOTE: Also consider other Rel-16 NR and LTE SI/WI enhancements to avoid overlap.
In this contribution, the support of the approved NR V2X scenarios [4] by NR Uu, namely vehicles platooning, advanced driving, extended sensors, and remote driving is analyzed and some observations is provided.

Discussion
Advanced V2X services and requirements for evaluation
The advanced V2X services are categorized into four groups: vehicles platooning, extended sensors, advanced driving, and remote driving. The consolidated requirements for each use case group are captured in TR 22.886 [9], and a set of the normative requirements is defined in TS 22.186 [3]. 
Remote driving with the following performance requirements [3] is viewed as the relevant advanced V2X service for evaluating whether NR Uu techniques can support it. In addition, the absolute speed for message exchanged between a UE supporting V2X application and V2X application server is up to 250 km/h. 
[bookmark: _Ref521607381]Table 1: Performance requirements for remote driving
	Communication scenario description
	Max end-to-end latency (ms)
	Reliability (%)
	Data rate (Mbps)

	Information exchange between a UE supporting V2X application and a V2X Application Server
	5
	99.999
	UL: 25
DL: 1


Note: The max end-to-end latency in the table includes the core network latency. For simulation, the 3ms core latency was assumed to be reasonable. 

[bookmark: _Ref521573139][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: _Ref129681832]UE drop and mobility model
There are 3 types of vehicles defined in [4]. Type 1 vehicle is a passenger vehicle with lower antenna position. Type 2 vehicle is a passenger vehicle with higher antenna position. Type 3 vehicle is a truck or bus.
Option A of highway scenario and urban grid scenario is the same as which is defined in [5]. Therefore, the option A may be the start of Uu evaluation. The detailed UE drop and mobility model is given in Appendix A.

[bookmark: _Ref521573157]Traffic model
FTP model 3 is used to evaluate all the scenarios of Uu interface, where the packet size and packet arrival rate are used. For DL transmission, the traffic is often aperiodic and is modeled as a Poisson arrival distribution with an average arrival rate of 60 packets per second. The packet size could be calculated according to the required data rate. Given the arrival rate of 60 packets/s, the packet size is 2083 bytes to achieve the required 1 Mbps service data rate. 
For UL transmission, in remote driving, the vehicles will transmit the video data to the remote driver, and the video stream is often stable. Assuming the video transfer rate is 60 fps, then the traffic can be modeled as a periodic arrival model with an arriving rate of 60 packets per second. The packet size could be calculated from the video coding scheme and picture resolution. The required user experienced data rate defined in TR 22.886 assumes 4K resolution, which is rather high for remote driving with a human operator. The typical resolution of 720p @ 60fps could be assumed. Given H.265 format and 720p resolution, the packet size is about 2170 bytes for one video stream. Assuming 2 cameras (i.e., video streams) and 880 bytes data rate for sensors (according to TR 37.885, the packet size is 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8, hence the average sensors packet size is about 880 bytes)[9], the packet size is about 5220 bytes.

Preliminary simulation results of NR Uu support 
In this section, we evaluate the Uu transmission performance for V2X remote driving use cases under highway and urban scenarios. The simulation assumptions are provided in Appendix B, and the scenarios of UE drop is addressed in Section 2.2 and Appendix A, based on the agreements in RAN1#93, which are included in [4].
In this contribution, the evaluation frequency is below 6 GHz. For each scenario, 60 kHz sub-carrier spacing is evaluated, and 40 MHz bandwidth is considered. Considering the requirement in [9], the traffic model in Section 2.3 is adopted in the simulation. In URLLC, outage is used to measure the performance of system [6]. Therefore, coverage is used as the metric of this contribution, defined as percentage of UEs in a cell operate with target link [0.999, 0.9999, 0.99999] reliability under 2ms latency bound. The horizontal axis is reliability in the following figures, and the vertical axis is coverage.
[bookmark: _Ref421869718][image: ]  
[bookmark: _Ref521488529]Figure 1. Coverage of remote driving DL transmission
Figure 1 shows that NR R15 Uu techniques could not ensure 100% vehicles to obtain 99.999% reliability.
Observation 1: NR R15 Uu could support about 80% downlink coverage at 99.999% reliability in Highway deployments.
Observation 2: NR R15 Uu could support about 60% downlink coverage at 99.999% reliability in Urban Grid deployments.

[image: ] 
[bookmark: _Ref521488562]Figure 2. Coverage of remote driving UL transmission
Figure 2 shows that there is still a big gap between the percentage of vehicles to obtain 99.999% reliability and 100% coverage.
Observation 3: NR R15 Uu could support about 90% uplink coverage at 99.999% reliability in Highway deployments.
Observation 4: NR R15 Uu could support about 53% uplink coverage at 99.999% reliability in Urban Grid deployments.

Mobility interruption time analysis 
Mobility interruption time is the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions.
The mobility interruption time includes the time required to execute any radio access network procedure, radio resource control signaling protocol, or other message exchanges between the mobile station and the radio access network, as applicable to the candidate RIT/SRIT.
In NR Release 15, the DL RRM measurement based on SSB and CSI-RS includes 3 steps. Therefore, the mobility interruption time should include the time for gNB to send DL RS to UE, the time for UE to measure DL RS and report RSRP/RSRQ to gNB, and the time for gNB to send the handover command to UE. The total time would exceed 0 ms [7].
Observation 5: DL RRM measurement needs to be improved to meet a 0 ms interruption requirement.

Conclusions
In this contribution, NR R15 Uu support is evaluated based on the requirements of the advanced V2X services. From the evaluation results and analysis, the following observations is given:
Observation 1: NR R15 Uu could support about 80% downlink coverage at 99.999% reliability in Highway deployments.
Observation 2: NR R15 Uu could support about 60% downlink coverage at 99.999% reliability in Urban Grid deployments.
Observation 3: NR R15 Uu could support about 90% uplink coverage at 99.999% reliability in Highway deployments.
Observation 4: NR R15 Uu could support about 55% uplink coverage at 99.999% reliability in Urban Grid deployments.
Observation 5: DL RRM measurement needs to be improved to meet a 0 ms interruption requirement.

References
[bookmark: _Ref167612875][bookmark: _Ref167612671]R1-1805671 “Summary of offline discussion for eV2X evaluation methodology”, LG Electronics, RAN1#93, Sanya, China, April 2018.
R1-1807687, “Summary of discussion on NR V2X evaluation scenarios”, LG Electronics, RAN1#92bis, Busan, Korea, May 2018.
[bookmark: _Ref521484105]TS 22.186, “Enhancement of 3GPP support for V2X scenarios,”.
[bookmark: _Ref521484060]TR 37.885, “Study on evaluation methodology of new Vehicle-to-Everything V2X use cases for LTE and NR,”.
[bookmark: _Ref521484157]TR 36.885, “Study on LTE-based V2X Services,”
[bookmark: _Ref521574071]TR 38.802, “Study on New Radio Access Technology Physical Layer Aspects,”
[bookmark: _Ref521484198]TR 38.913, “Study on Scenarios and Requirements for Next Generation Access Technologies,”
RP-181480, “New SID: Study on NR V2X”, RAN#80, Lo Jolla, USA, June  2018.
[bookmark: _Ref521484037]TR 22.886, “Study on enhancement of 3GPP Support for 5G V2X Services”.

Appendix
A. [bookmark: _Ref521486821]UE drop and mobility model
A.1. Highway
-	Option A
-	Vehicle type distribution: 100% vehicle type 2.
-	Clustered dropping is not used.
-	Vehicle speed is 140 km/h in all the lanes as baseline and 70 km/h in all the lanes optionally.
-	Option B
-	Vehicle type distribution: [20]% vehicle type 1, [60]% vehicle type 2, [20]% vehicle type 3.
-	Clustered dropping is not used.
-	Vehicle speed in each lane is as follows:
-	Speed in Lane 1: 80km/h
-	Speed in Lane 2: 100km/h 
-	Speed in Lane 3: 140km/h 
-	Speed in Lane 4: 40km/h 
-	Speed in Lane 5: 30km/h 
-	Speed in Lane 6: 20km/h
-	Option C
-	Vehicle type distribution: 0% vehicle type 1, [67]% vehicle type 2, [33]% vehicle type 3.
-	Clustered dropping is used. Each cluster consists of [6] Type 3 vehicles with a gap of [2] meters.
-	Vehicle speed is [140] km/h in all the lanes.
A.2. Urban Grid
-	Option A
-	Vehicle type distribution: 100% vehicle type 2.
-	Clustered dropping is not used.
-	Vehicle speed is 60 km/h in all the lanes.
-	In the intersection, a UE goes straight, turns left, turns right with the probability of 0.5, 0.25, 0.25, respectively.
[bookmark: _GoBack]
B. [bookmark: _Ref521488141]Simulation Assumptions

Table 2: Simulation assumptions for Urban Grid [4]
	Attributes
	Values or assumptions

	Carrier Frequency
	4 GHz

	Bandwidth
	40MHz

	Subcarrier Spacing
	60kHz

	Channel Model
	UMa in TR 38.901

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (8,8,2,1,1)
(dH,dV) = (0.5, 0.8)λ 
Antenna tilt 102 degree

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss

	BS receiver noise figure
	5 dB

	UE antenna configuration
	(Mp, Np, P, Mg, Ng) = (1,2,2,1,1)
(dH, dV) = (0.5, 0.5)λ
Antenna tilt 0 degree

	UE receiver noise figure
	9 dB

	BS Tx power
	49 dBm

	UE Tx power
	23 dBm

	ISD
	500 m



[bookmark: _Ref521422060]Table 3: Simulation assumptions for Highway [4] 
	Attributes
	Values or assumptions

	Carrier Frequency
	4 GHz

	Bandwidth
	40MHz

	Subcarrier Spacing
	60kHz

	Channel Model
	RMa in TR 38.901

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (8,8,2,1,1)
(dH,dV) = (0.5, 0.8)λ 
Antenna tilt 102 degree

	BS antenna height
	35m

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss

	BS receiver noise figure
	5 dB

	UE antenna configuration
	(Mp, Np, P, Mg, Ng) = (1,2,2,1,1)
(dH, dV) = (0.5, 0.5)λ
Antenna tilt 0 degree

	UE receiver noise figure
	9 dB

	BS Tx power
	49 dBm

	UE Tx power
	23 dBm

	ISD
	1732 m



C. Analysis of uplink data rate
According to the normative requirements defined in TS 22.186, the UL data rate is 25 Mbps, and we consider 40 MHz for system bandwidth and related parameters in Table 2 and Table 3. Here we provide related analysis to support UL data rate with certain configuration.
It is obvious that 256 QAM is not the appropriate modulation scheme for 99.999% reliability, and therefore we take 64-QAM as the highest practical modulation scheme. If rank-1 and 64-QAM is assumed for UL transmission, for 4K video and sensor, 25 Mbit data rate per 60 video frames means transmitting 52 082 bytes per 2 ms latency. For 40 MHz bandwidth and 60 kHz SCS, the maximum transmitted packet size per 2 ms is about 37 688 bytes (that is 28 symbols with 64-QAM and MCS26 ). It is small than 52 082 bytes. Therefore, it is not sufficient to support 25 Mbps data rate for 40 MHz bandwidth. One solution is to increase system bandwidth, but in order to improve simulation efficiency, we choose H.265 format and 720p resolution for this first round of evaluations of remote driving support. Higher data rate such as 4K resolution case can be supported with more bandwidth.
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