
3GPP TSG RAN1 Meeting #94bis		                                                       R1-1810543
Chengdu, China, October 8th – 12th, 2018

Source:	CATT
[bookmark: Title]Title:	Evaluation of Uu for advanced V2X use cases
[bookmark: Source]Agenda Item:	7.2.4.2
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
In RAN #80 meeting, the SID NR V2X phase 2 is agreed with following objectives [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, we will analyze the performance gap for NR Uu and LTE Uu to support advanced V2X use cases, and provided our considerations on Uu enhancements. This contribution is an update version of R1-1808403. 
Discussion
In general, Uu assisting V2X data transmission is a major feature in C-V2X technology. The LTE network will continue to provide service for a long time with blanked coverage.   The NR network could be initially deployed in some hotspots. Therefore, it is important to investigate potential enhancements of LTE Uu and NR Uu jointly for advance V2X service. We analyze the performance gap between advanced V2X service and LTE/NR Uu requirements and provide some considerations on the Uu enhancements. 
Performance requirements of advanced V2X use cases
SA1 has identified 25 use cases for advanced V2X services which are categorized into four use case groups: vehicles platooning, extended sensors, advanced driving and remote driving [2]. The key performance requirements are summarized in Table 1. And the remote driving use case shall be addressed in eURLLC SI according to the agreements in RAN#81 meeting [3][4].
Table 1: Key performance requirements of advanced V2X services
	Use case group
	Descriptions
	Key performance requirements

	Platoon operation
	Enables the vehicles to dynamically form a platoon travelling together.
	· Broadcast, groupcast and unicast;
· 50-1200 bytes, 40 ~ 100Hz, 10 ~ 25ms, 90% ~ [99.99%], less than 100m;
· [6500]bytes, [50]Hz, [20]ms, high reliability, [10] sec * max relative speed ;
· [65]Mbps, [50]Hz, [20]ms, high reliability, [5] sec * max relative speed ;

	Advanced driving
	Enables Conditional/Full automated driving, vehicles share their own perception data with other vehicles in proximity, to synchronize and coordinate their driving trajectories.
	· Broadcast;
· [6500]bytes, [10]Hz, [100]ms, high reliability, [10] sec * max relative speed;
· [53]Mbps, [10]Hz, [100]ms, high reliability, [5] sec * max relative speed;
· [10]Mbps and message size range up to [2]M bytes, [100]Hz, [10]ms,[99.99%];
· [30]Mbps, [3]ms, [99.999%], [500]m;
· DL broadcast: [0.5]Mbps, UL unicast:[50]Mbps, [50]Hz, [20]ms

	Extended sensor
	Enables exchange of raw or processed sensor data to build collective situational awareness.
	· Broadcast, unicast;
· [1600]bytes, [10]Hz, [100]ms, [99%], [1000]m;
· [10] ~ [25]Mbps, [20] ~ [100]Hz, [10]~ [50]ms, [90%], [100]m;
· [700]Mbps, [100]Hz, [10]ms, [99.99%], [500]m
· [x]-[1]Gbps, [3]-[50]ms, [99%-99.999%], [50]-[1000]m

	Remote driving
	Enables a remote driver or a V2X application to operate a remote vehicle.
	· Unicast;
· DL :1Mbps, UL: 20Mbps, 5ms, 99.999%;
· DL :[1]Mbps, UL: [25]Mbps, [20]ms, [99.999%];



Performance requirements of LTE/NR Uu
NR Uu is designed to meet the requirements of IMT-2020[5], including eMBB, and URLLC. 
LTE Uu is also evolved to strengthen its technologically competitive up to and beyond 2020. As a candidate technology for ITU IMT-2020 submission, it is further evolved such that it can meet the key IMT-2020 requirements, especially fulfilling the requirements of URLLC.
For broadband service, the NR Uu has a similar spectral efficiency and latency requirements as those of LTE Uu, which implies that for both LTE Uu and NR Uu, the peak spectrum is 30bps/Hz for downlink and 15bps/Hz for uplink, and the use plane latency is 4ms for UL, and 4ms for DL. 
For URLLC service, a general reliability requirement of a packet error rate is 10-5 with a user plane latency of 1ms.
Performance gap between advanced V2X service and LTE/NR Uu
Based on the summary of the performance requirement from advanced V2X service in Table 1, the performance requirements can be typically categorized into following categories:
· Category 1: Latency >=[20]ms, up to [65]Mbps, requires high reliability 99%
· Category 2: Latency  [10ms], up to [700]Mbps, requires high reliability 99.99%
· Category 3: latency  <=[3~5ms], up to [30]Mbps, requires high reliability 99.999%
Figure 1 provide service flow of advance V2X via Uu, therefore, the latency requirements should take into account of the roundtrip time (UL+DL). 


Figure 1: Advance V2X service flow via Uu
For category 1, the LTE/NR Uu can support these advanced V2X service by broadband service. Because the latency requirement is larger than 20ms with each direction (UL/DL) is about 10ms delay budget.   It can allow at least one autonomous retransmission (or repetition) to meet the required reliability (99%).
For category 2, in each direction the latency could be 5ms. It could be theoretical support by enhanced broadband service (eMBB). The challenge for Uu to support such a high data rate with such a high reliability (99.99%) is the efficiency of the radio resource utilization.
For category 3, in each direction, the latency and reliability could be met by URLLC, but the required data rate of advanced V2X service is larger than that in URLLC evaluation. Therefore, in this category, the performance would be challenged in meeting the V2X performance with Rel-15 NR URLLC/LTE HRLLC scheme. 
In addition, the advance V2X service needs to support high mobility (absolute vehicle speed is 250km/h), and requires high density of UEs in some use cases. All these shall be further evaluated for Uu support of advanced V2X service.
Observation: The extreme high data rate with extreme low latency and extreme high reliability in advanced V2X service would be a really challenge for LTE/NR Uu support of advanced V2X service.
The performance requirements for advance V2X service are provided in [6], which is illustrated as following. It can be observed that the given performance requirements is far lower than SA1 performance requirements [2]. Therefore, it is better to provide a common understanding on which performance requirements is set in NR V2X design. 
	For eV2X, for communication availability and resilience and user plane latency of delivery of a packet of size 300 bytes, the requirements are as follows:
-	Reliability = 1-10-5, and user plane latency = 3-10 msec, for direct communication via sidelink and communication range of (e.g., a few meters)
-	Reliability = 1-10-5, and user plane latency = 3-10 msec, when the packet is relayed via BS.
Note that target communication range and reliability requirement is dependent of deployment and operation scenario (e.g., the average inter-vehicle speed).



Proposal 1: The target performance requirements of NR V2X shall be further investigated. 
Traffic model for Uu evaluation
In TR37.885 [7], the different traffic models have been defined for advanced V2X evaluation, the related data rate for different traffic models are illustrated in Table 1. Comparing with the SA1 performance requirements and the data rate for existing NR V2X traffic models, it can be observed that the performance requirements of existing NR V2X traffic is far lower than that of SA1 requirements. 
If the existing NR V2X traffic models will be used in Uu evaluation, the following two traffic models could be employed:
· Periodic traffic mode 2 (medium traffic intensity)
· Aperiodic traffic mode 2 (high traffic intensity)
Table 1: Data rate of existing NR V2X traffic models in TR37.885 
	
	Traffic model
	Data Rate (Mbps)

	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
	0.017Mbps

	
	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
	0.7Mbps

	
	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
	11.9Mbps

	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
	0.18Mbps

	
	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
	16Mbps



Proposal 2:  If the existing NR V2X traffic models in TR37.885 will be used for the Uu evaluation, the following two traffic models could be employed:
· Periodic traffic mode 2 (medium traffic intensity)
· Inter-packet arrival time: 10 ms
· Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
· Latency requirement: 10 ms
· Aperiodic traffic mode 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
Potential enhancements in Uu
In advance V2X service, it can be observed that a large part of use cases requires broadcast communication. Broadcast and multicast communication (SC-PTM and MBMS) have been supported in LTE Uu, eNB can forward the V2X data by employing unicast in UL and multicast in DL. However, only unicast is support in NR Uu, if the broadcast V2X service is offered through unicast manner to each vehicle, it will be resource exhausting.  Therefore, we think broadcast and multicast communication shall be supported in NR Uu in upcoming release, and the standardization work should be in NR Uu related WI but not in V2X SID. 
Proposal 3: Broadcast and multicast communication shall be supported in NR Uu in upcoming release, and the standardization work should be in NR Uu related WI but not in V2X SID.
In Rel-14/Rel-15 LTE V2X, only PPPP is used as a type of QoS in both LTE Uu and LTE sidelink. However, a new QoS framework shall be designed for NR V2X in both NR Uu and NR sidelink. There would be a mismatch between the LTE PPPP and NR QoS. This issue shall be further investigated in Uu enhancements.
Proposal 4:  The QoS mismatch in LTE V2X and NR V2X shall be further investigated.
Conclusion
In this contribution, we discuss the potential issues for LTE/NR Uu support of advanced V2X service. Particularly, we have following observation and proposals:
Observation: The extreme high data rate with extreme low latency and extreme high reliability in advanced V2X service would be a really challenge for LTE/NR Uu support of advanced V2X service.
Proposal 1: The target performance requirements of NR V2X shall be further investigated. 
Proposal 2:  If the existing NR V2X traffic models in TR37.885 will be used for the Uu evaluation, the following two traffic models could be employed:
· Periodic traffic mode 2 (medium traffic intensity)
· Inter-packet arrival time: 10 ms
· Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
· Latency requirement: 10 ms
· Aperiodic traffic mode 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
Proposal 3: Broadcast and multicast communication shall be supported in NR Uu in upcoming release, and the standardization work should be in NR Uu related WI but not in V2X SID.
Proposal 4:  The QoS mismatch in LTE V2X and NR V2X shall be further investigated.
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