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Introduction
RAN plenary #75 approved a work item [1] for studying evaluation methodology to support new V2X use cases for LTE and NR as identified in SA1 TR 22.886. The detailed objectives of this study item are:
1. Complete the evaluation methodology in TR38.913 and TR38.802 to compare the performance of different technical options for the new 5G V2X use cases including the following aspects [RAN1, starting email discussion after RAN#76]:
a) Evaluation scenarios including performance metric, vehicle dropping, traffic model
b) Sidelink channel model for spectrum above 6 GHz
2. Identify the regulatory requirements and design considerations of potential operation of direct communications between vehicles in spectrum allocated to ITS beyond 6GHz in different regions, considering at least 63-64GHz (allocated for ITS in Europe) and 76-81GHz depending on regulatory decision [RAN, starting email discussion after RAN#76]
In the wake of the above mentioned objectives, the following progress has been made:
· RAN had email discussion on the regulatory aspect for ITS operation in frequency band above 6 GHz. A summary was submitted in RP-172041 and its conclusion which contains the proposed text for TR 37.885 was endorsed. 
· RAN1 had several rounds of email discussions to collect companies’ views on V2X evaluation methodology. Summary of the email discussions were submitted in R1-1715092, R1-1717293 and R1-1721545. An LS (R1-1719239) was sent to external organizations to ask input relevant to this study.
We have presented our view on channel models in the companion contribution [2]. In this contribution, we discuss the remaining issues on simulation scenarios and related assumptions as well as performance metrics to be used for the new V2X use cases.   
Simulation scenarios
In TR 22.886, four categories of new V2X use cases for LTE and NR have been defined, namely extended sensors, advanced driving, platooning and remote driving. Although these use cases may have different requirements in terms of data traffic, UEs drop and mobility etc., it is not necessary to prioritize the evaluation of a certain use case over another. From RAN perspective, the solution should fulfil the requirements of all the use cases.  
There is no need to prioritize the use case(s) and is out-of-scope of RAN1 decisions.
When it comes to UE drop and mobility model, in order to reduce the number of evaluation scenarios, we should strive to have a generic model representing majority of the use cases. 
Minimize the number of UE drop and mobility models to represent most of the V2X use cases. 
Also, note that in real environment, different use cases may coexist. However, for simplification it should not be considered as a baseline for decisions of technical solutions. Also, various use-cases and carrier can be (pre)-configured by higher layers with respect to the regulatory aspects. Therefore, it is not clear if such coexistence is necessary to consider for evaluations. 
Mixed scenario considering multiple use cases are not considered as a baseline for decisions of technical solutions. 
[bookmark: _GoBack]Frequency bands
NR targets frequency bands both below and above 6GHz. Also, the new V2X use cases may be supported via Uu and/or SL interfaces. In [3],  most of the companies agreed to reuse the aggregated system bandwidth of 100MHz. It is to be noted that only 30MHz of ITS spectrum are currently available at 5.9GHz, which is the only frequency band so far for V2X safety use cases. Also, it needs to be shared between LTE-PC5, NR-PC5 and 802.11p. Therefore, we believe that considering 100MHz of aggregated system bandwidth at 5.9GHz is not a realistic assumption. 
Only 30MHz bandwidth at 5.9GHz (below 6GHz) is currently available for safety related V2X use cases.  
Consider typical aggregated sidelink bandwidth of at most 30MHz at 5.9GHz with a single channel bandwidth to be 10MHz.
A SL bandwidth up to 100MHz could only be possible if licensed bands (e.g., 3.5GHz) are used for V2X use cases. 
For above 6GHz, we should strive to align NR Uu assumptions with those considered for MBB evaluations in NR WI. For NR SL assumptions, there is still not very clear view on potential frequency bands for V2X use cases except 63GHz. However, we believe that 63GHz could be very challenging for V2X scenarios.
BS and RSU deployment 
As discussed above, NR targets frequency bands both below and above 6GHz. For below 6GHz, the BS and RSU deployment parameters have been agreed in TR 38.802 and can be confirmed. For above 6GHz, some companies suggested to increase the RSU density to overcome the loss in channel propagation. However, we do not see the need to consider higher RSU densities. This is because RSUs are normally deployed considering road infrastructure and deployment efforts/cost rather than the propagation aspects.
RSUs are deployed considering road infrastructure’s deployment efforts and cost rather than the propagation aspects of communication.
Higher RSU densities for above 6GHz frequencies are not considered.
Antenna model
In [3], the antenna model for both below and above 6GHz was discussed. Most companies show consensus on the use of the antenna model agreed in [4] for BS and BS-type RSU. However, the antenna model for UE and UE-type RSU is still an outstanding issue.  
For below 6GHz, we can atleast confirm the following parameters. [image: ]
When it comes to the antenna configuration, we can atleast confirm the collocated antenna model having 8 antenna elements with half spherical uniform distribution with upper direction for below 6GHz. However, for above 6GHz, the antenna elements become more selective and the isotropic pattern is not valid anymore.  One possible assumption is 8 rooftop elements with 90 degree aperture each, pointing in 4 directions. This is to be verified with OEMs.
At least confirm the use of collocated UE antenna model for below 6GHz and having up to 8 antenna elements with half spherical uniform distribution with upper direction.
Furthermore, the use of distributed antenna model for Release 16 UE is being discussed. We think that such antenna model is not very realistic. However, based on the input from OEMs, the assumption can be revised. 
The use of distributed antenna model for Release 16 UE is not a very realistic option. 
Traffic model
Based on the considered use cases, we may consider to model three different types of traffic.
a) Periodic traffic with small packet sizes
b) Sporadic traffic with small packet sizes
c) MBB-like traffic with large packet sizes
The need of randomized periodic traffic model has been discussed i.e. packets are generated with different inter-arrival rate and different packet sizes. However, we do not see the need and the use case relevant to the ‘randomized periodic traffic’ i.e. large variation in packet size and arrival time. The only thing, that we think is necessary to model on top of periodic traffic is the jitter i.e. small (bounded) variations in packet arrival time. This can be done by assuming either uniform or Gaussian (truncated) distribution. Furthermore, missed packets can be modeled with probability ‘p’ on top.  
Variation in packet sizes and arrival time is bounded, i.e., no large variations are allowed. 
Also, it is necessary to consider a event-triggered traffic model for use cases in which data is generated based on certain event e.g. emergency brakes etc. Furthermore, the modelling of event-triggered traffic can be done using randomized packet arrival e.g. according to Poisson process.
Event-trigered traffic is to be considered for some V2X use cases with arrival time modelled as a Poisson process.
Furthermore, there is a need for MBB-like traffic and solutions should also be evaluated considering it. This is necessary for V2X use cases like 3D video composition, local dynamic map sharing, tethering via vehicle, collective perception of environment with bursty MBB-like traffic where a certain data rate (e.g. 25 Mbps or so depending on use-case). MBB-like traffic can be modelled using FTP traffic model 2 with updated values on file sizes, reading time and burst length etc. 
MBB-like traffic is modelled using FTP traffic model 2 with updated values on file sizes, reading time and burst length etc.
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Use cases being targeted by 3GPP V2X phase 3 can be categorized as either for safety or non-safety applications with different requirements. Safety applications such as lane merging, advanced sensor sharing etc. require highly reliable data transmissions with a certain latency bound so that the received information is not out-dated. On the other hand, non-safety applications require high throughput with lower latency and reliability requirements. Based on this, we identify the following as primary metrics for evaluations. 
Packet Reception Ratio (PRR)
PRR is used as the only performance metric in Rel. 14 and Rel. 15 LTE V2X. For one Tx packet, the PRR is calculated by X/Y, where Y is the number of UE/vehicles that located in the range (a, b) from the TX, and X is the number of UE/vehicles with successful reception among Y. CDF of PRR and the average PRR are used in evaluations where,
· CDF of PRR with a = 0, b = baseline of 320 meters for freeway and 150 meters for urban. Optionally, b = 50 meters for urban with 15 km/h vehicle speed.
· Average PRR, calculated as (X1+X2+X3….+Xn)/(Y1+Y2+Y3…+Yn) where n denotes the number of generated messages in simulation. with a = i*20 meters, b = (i+1)*20 meters for i=0, 1, …, 25
The current definition of PRR already considers the latency aspects i.e. the packets not fulfilling the latency requirements (e.g. 100ms in Rel. 14/15) are considered as lost. However, the new V2X use cases have stricter latency requirements which should be appropriately taken into account. This can then be represented as ‘ average PRR vs distance for a certain latency budget’ or ‘average PRR vs latency for a certain distance’.
In PRR, packets not received within the latency bound are considered as lost packets.
PRR is used as a primary performance metric for safety use cases and at least for broadcast scenarios.
Furthermore, another PRR alternative is defined to consider a subset of the UEs located in the range (a,b) from the TX which is termed as PRR alternative 2. We think that it can be used as a supplementary metric to evaluate certain use cases such as platooning etc.  
PRR alternative 2 can be used as a supplementary metric for some safety use cases such as platooning.
Packet Inter-Reception (PIR)
PIR is defined as the time elapsed between two successive receptions of different packets transmitted from UE A to UE B and belongs to the same service. We think PIR can be used as the second performance metric for some applications such as CAM or see-through. However, a correct representation of the PIR is necessary. In this regard, we suggest to use the following PIR representation.
· For a single link, CDF of PIR is a sufficient representation.
· For multiple links, CDF of Xth-percentile PIR per link avoids the hiding effect of averaging.
PIR is used as a performance metric to evaluate consecutive packets loss.
PIR per link is represented by CDF of PIR based on the number of consecutively received packets. 
PIR for multiple links is represented by the CDF of Xth-percentile PIR per link and based on total number of links in the system.
Throughput 
User throughput is defined as the ratio of amount of data to the time for its reception. Many non-safety applications do not have stringent requirements on reliability and latency. Rather, high throughput is required. Therefore, throughput should be the primary metric for such use cases. 
Throughput is used as the primary performance metric for non-safety use cases.
 Need for other metrics
Some companies mentioned the need of other metrics for some other use cases such as advanced driving and sensor sharing. This is to measure the number of objects detected by the vehicle. However, we believe that such metric cannot be classified as radio layer performance metric and is out of RAN scope. 
No new metric is introduced to measure the number of detected objects in the surrounding of the UE. 
However, positioning enhancements require certain metrics to evaluate the performance. For instance, Positioning accuracy/error metric needs to be defined. For instance, the horizontal and vertical accuracy metric for absolute positioning as defined in TR 37.875 can be reused.  
Positioning metric to measure the accuracy needs to be defined. 
Conclusions
Based on the above discussion, we make the following observations.
Observation 1	There is no need to prioritize the use case(s) and is out-of-scope of RAN1 decisions.
Observation 2	Only 30MHz bandwidth at 5.9GHz (below 6GHz) is currently available for safety related V2X use cases.  
Observation 3	RSUs are deployed considering road infrastructure’s deployment efforts and cost rather than the propagation aspects of communication.
Observation 4	The use of distributed antenna model for Release 16 UE is not a very realistic option.
Observation 5	In PRR, packets not received within the latency bound are considered as lost packets.
Observation 6	PIR is used as a performance metric to evaluate consecutive packets loss.
Observation 7	Positioning metric to measure the accuracy needs to be defined. 
Furthermore, we propose the following.
Proposal 1	Minimize the number of UE drop and mobility models to represent most of the V2X use cases. 
Proposal 2	Mixed scenario considering multiple use cases should not be considered as a baseline for decisions of technical solutions. 
Proposal 3	Consider typical aggregated sidelink bandwidth of at most 30MHz at 5.9GHz with a single channel bandwidth to be 10MHz. 
Proposal 4	No need to condiser higher RSU densities for above 6GHz frequencies.
Proposal 5	At least confirm the use of collocated UE antenna model for below 6GHz and having up to 8 antenna elements with half spherical uniform distribution with upper direction.
Proposal 6	Variation in packet sizes and arrival time is bounded i.e. no large variations are allowed. 
Proposal 7	Event-trigered traffic is to be considered for some V2X use cases with arrival time modelled as a Poisson process.
Proposal 8	MBB-like traffic can be modelled using FTP traffic model 2 with updated values on file sizes, reading time and burst length etc.
Proposal 9	PRR can be used as a primary performance metric for safety use cases and atleast for broadcast scenarios.
Proposal 10	PRR alternative 2 can be used as a supplementary metric for some safety use cases such as platooning.
Proposal 11	PIR per link can be represented by CDF of PIR based on number of consecutively received packets. 
Proposal 12	PIR for multiple links is represented by the CDF of Xth-percentile PIR per link and based on total number of links in the system.
Proposal 13	Throughput is used as primary performance metric for non-safety use cases.
Proposal 14	No new metric is introduced to measure the number of detected objects in the surrounding of the UE. 
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