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1 Introduction

At the previous TSG RAN1 WG Meeting #84bis, deployment scenarios for system level evaluations as well as initial link level evaluation assumption of NR were discussed and agreed. Although some of the aspects and evaluation assumptions are still left FFS, the deployment scenarios relevant to eMBB use cases were defined including Indoor Hotspot, Dense Urban, Rural, Urban Macro and High Speed Train. Some of these scenarios may be also relevant to URLLC use cases and can be used for initial evaluations, as it was discussed in [1]. Additionally, there is a discussion regarding the two other scenarios dedicated to V2X which is now considered as a part of critical communication with low latency, i.e. URLLC use cases: Highway and Urban grid.

The following agreements related to evaluation methodology were made at the last RAN1 WG meeting:

· Analytical way for
· Device battery life (for mMTC).
· MA evaluation should consider all the three usage scenario families defined in TR38.913
· eMBB, mMTC, and URLLC
· The following evaluation scenarios are to be used
· eMBB: dense urban, urban macro, rural, indoor
· mMTC: urban coverage for massive connection
· URLLC: FFS
· Other scenarios (e.g., eV2X) are not precluded.
· For LLS, consider the following as evaluation metrics
· General
· BLER vs SNR reported for UL and DL calibration 
· BS and UE receiver complexity reported
· UL:
· Sum throughput vs. SNR at given BLER level under different overloading factor.
· Link budget (MCL with specific data rate)
· Other metrics FFS (e.g., Maximum overloading factor vs. SNR at given user throughput)
· DL:
· Sum rate region
· Optional: Sum normalized user throughput (normalized by throughput in orthogonal case); Sum throughput with minimum throughput constraint for some users
· For SLS, the following are used as evaluation metrics
· eMBB: TRP spectrum efficiency and 5th percentile user spectrum efficiency; user experienced data rate and area traffic capacity; signaling overhead
· mMTC: Connection density with “connection efficiency” reported; latency for infrequent small packets; signaling overhead
· URLLC: Reliability for a target latency
Analyzing the agreements made at the previous meeting, the following open URLLC related aspects are FFS:
1) Target deployment scenarios for system level evaluation.

2) Definition of reliability metric for comparison and target reliability, throughput and latency for each use case.

3) Traffic models to be used for each use case.

4) Remaining details of LLS modeling assumptions.

In this contribution, we discuss the remaining details of URLLC evaluation scenarios and metrics.
2 Discussion on URLLC Use Cases

The following main use cases relevant to Ultra Reliable Low Latency Communication were discussed in [2]-[4]:
· eHealth, e.g. surgical robots or remote health monitoring and treatment.
· Industrial factory automation and control.
· Vehicle-to-Everything communication and autonomous driving applications, including UAVs.
· Smart grid.
· Tactile internet.
We note, that above use cases have different KPIs and scenarios. Currently, in [4] only general requirements are indicated for URLLC: target data rate is up to 300 Mbps, target latency is 1 ms and reliability is 1-10-5 (99.999%). These values characterize KPIs for different typical use cases and may not be targeted at the same time. Thus, it is needed to clarify separately the relevant KPIs and scenarios for the typical URLLC use cases.

Proposal 1
· Discuss and define separate scenarios and target metrics for URLLC use cases such as eHealth, V2X, industrial automation.
Another note is that V2X use case has different KPIs and target scenarios concerned with vehicle movement, broadcast services and sidelink transmissions. Taking this into account, it would be appropriate to consider dedicated URLLC scenarios for V2X. This was also one of the outcomes of SMARTER work [2] and one of the proposals in RAN SI [4] on scenarios and requirements where it was suggested to separate it from the general URLLC use case.
3 Discussion on V2X Scenarios Remaining Details

According to the deployment scenarios in RAN TR [4], the frequencies around or below 6 GHz are proposed for V2X evaluation. We believe, that V2X communication may benefit from utilization of high frequencies and, hence, system parameters for high frequencies should also be defined for evaluation. Below, we provide our views on Highway and Urban Grid deployment scenarios defined in [4].

· Deployment parameters. For the Highway scenario, we propose to simulate a road with 2 opposite directions and 3 lanes in each direction. In the Urban scenario roads with 2 directions and 2 lanes in each direction should be modeled. Sidewalk for pedestrians and bicyclists is deployed around each building block. The same building block size as was defined in LTE V2V SI/WI can be reused in Urban Grid scenario. However, for more accurate interference modeling generation, the larger simulation area size should be used and therefore 2-tier hexagonal underlay Macro deployment should be assumed for Urban Grid evaluations.

· RSU Deployment. The RSU deployment with 200 m inter-RSU distance is proposed for freeway scenario if frequencies around 6 GHz are considered. For the 30 GHz frequencies, the denser RSU deployment may be considered and ranges within [50 m – 100 m] inter-RSU distance can be proposed for Highway scenario.
· UE Distribution. Two types of UEs are considered for evaluation in V2X scenarios: vehicle UEs and pedestrian UEs. The V2X services requirements may be different for two types of UEs and need to be separately evaluated. Below we provide our considerations on vehicle and pedestrian distributions.

Vehicle UE Deployment. Vehicle UEs are deployed along the roadway lanes. In each road lane the Poisson distribution is used to calculate vehicle position. In all evaluation scenarios of LTE V2X SI/WI, the same 2.5 sec mean ahead time between vehicles was used for evaluation, which address the human ample time. For the New RAT study, we propose to additionally use mean ahead time which can be achieved using Cooperative Adaptive Cruise Control (CACC). For vehicles equipped with CACC system, the ahead time of 0.55 sec could be achieved [6]. For the Highway scenario, where vehicle traffic with low fluctuations is expected, we propose to use 0.5 sec mean ahead time and 0.8 sec for the Urban Grid scenario where larger fluctuations and interruptions in vehicle traffic could be expected.

Current V2V simulations in LTE assume that vehicles in all lanes have the same speed (e.g. 70 km/h). This simulation assumption may lead to an artificial UE deployment case where stable vehicle cluster in each road direction is created that may lead to specific system designs. To prevent such system behavior we propose to modify average vehicle speed and make it dependent on lane position. For example, if Highway scenario with x km/h (e.g. x = 70 km/h) speed is evaluated, the vehicles at the 1st (outer lane) have x-10 km/h speed and vehicles on inner lane have x km/h speed.

Pedestrian UE Deployment. For more realistic evaluations of Pedestrian UEs, we propose to use the Poisson distribution for generation of pedestrians with 10 m mean distance between UEs. The same speed equal to 3 km/h is proposed for evaluation without actual pedestrian UE coordinates update.
· Aggregated system bandwidth. For Highway and Urban Grid scenario we propose to reuse aggregated system bandwidth defined in Urban Macro scenario. To be specific, we propose to use the following values: 200 MHz for below or around 6 GHz frequency and 1 GHz for 30 GHz frequency band.

· Antenna modeling. The number of antenna elements defined in Urban scenario may also be adopted for both Highway and Urban Grid scenarios. The values defined in Table 1 can be used for V2X evaluation.
Table 1. Number of Antenna Elements

	Parameter
	Below/Around 6GHz
	Above 6GHz (30GHz, 70GHz)

	BS
	Up to 256Tx/256Rx
	Up to 256Tx/256Rx

	RSU
	Up to 8Tx/8Rx
	Up to 32Tx/32Rx

	UE
	Up to 8Tx/8Rx
	Up to 32Tx/32Rx


· Traffic model. The Rel.13/14 V2X SI/WI uses periodic and event-triggered traffic models with several different packet sizes. Although the periodic model with 100 ms arrival rate provides worst case assumption in terms of loading, this led to attempts to design the V2V system optimized for such artificial traffic model. In NR evaluations such situation should be avoided by introducing a more realistic traffic model for V2V communication.
Proposal 2

· Consider the discussed above evaluation assumptions for V2X analysis in NR study.
4 Discussion on eHealth and Industrial Use Cases

4.1 Potential Requirements and Metrics

The RAN TR on scenarios and requirements defines general KPIs for URLLC as 1-10-5 reliability to deliver X bytes within 1 ms and support up to 300 Mbps data rate. In our view, the requirements should be clarified for each typical scenario, e.g. eHealth and industrial automation/control. We note, that V2X metrics may be reused from the recent Rel.13/14 studies.
eHealth

· Latency – 1-10 ms end-to-end. UL and DL should provide 0.1-0.5 ms air-interface latency in each direction.
· Reliability – 1-10-5, i.e. 10-5 probability to miss a packet within 1 ms.
· Data rate – 300 Mbps for robotic surgery, 50 Kbps for monitoring and treatment.
· Coverage – deep indoor coverage as a worst case.
Industrial automation and control

· Latency – 1-2 ms latency of one transaction. UL and DL should provide 0.1-0.5 ms air-interface latency in each direction.
· Reliability – 10-5 probability to miss a transaction (up to 10-9 in some control scenarios).
· Data rate – up to 5 Mbps.
· Coverage – limited to a confined area.
From RAN1 perspective, the most important part is to define the evaluation metric to be able to compare different solutions and check whether those fulfill the requirements. For system level evaluations, we propose to measure the fraction of packets which are missed due to either reception error (CRC does not pass) or due to violated latency budget, i.e. when a packet received successfully with transmission delay more than the target latency (this may be referred as a link PER). The PER of each link across system level simulation run may be collected and the metric may be represented as a CDF over all active links.
4.2 Link Level Evaluation Assumptions
The initial link level evaluation assumptions applicable to URLLC use cases were discussed in the context of channel coding design and agreed for initial evaluation of different channel coding schemes in order to start channel coding evaluations. Current assumptions cover different code block sizes and assume simplistic evaluation in AWGN channel as an initial step. These assumptions need to be extended to also cover FEC performance in fading channels.

The overall URLCC framework requires evaluation of multiple channels so that performance of each channel needs to be reliable and the reliability metric aggregated over multiple channels meets requirements. We also highlight the following properties of URLLC channel modeling for link level evaluations:

· In industrial cases, UEs may be fixed at moving or rotating machines or parts of machines that may introduce additional effects in channel fading due to Doppler spread/shift and temporal channel changes which may be of much smaller time scale than in traditional eMBB use cases.
· The communication may need to be deployed in very harsh environment with large changes in temperature, impulse noise interference from e.g. welding equipment, electrical engines and so on. These conditions may need to be carefully taken into account for URLLC link level evaluations.
· The assumption on residual timing and frequency synchronization error should be carefully taken because of very strict reliability targets for URLLC.

Observation 1
· Harsh industrial environment may need to be taken into account for URLLC channel modeling in link level evaluations.

4.3 System Level Scenarios and Assumptions

At the previous RAN1#84bis meeting, there were no agreements regarding the system level evaluation for URLLC scenarios. In this section, we discuss potential deployment scenarios for system level modeling of eHealth and Industrial automation/control use cases.
eHealth

For eHealth monitoring and treatment reactions [3], all eMBB deployment scenarios may be applicable since these services may be activated in typical network deployments. Thus, the Indoor Hotspot, Dense Urban, Rural, Urban Macro may be applicable. The High speed train scenario may also be considered however it is unlikely to be a typical scenario. The UEs may be typically indoor or outdoor (in car in case of e.g. transportation of patients). In case of eHealth remote robotic surgery, the UE drop may not differ from the remote monitoring and treatment case, because it is assumed that it needs to be performed in exceptional case outside of specialized operating rooms when there is no possibility for patient transportation. However the UE density with such type of service may be small, e.g. 1 per macro cell area because of potentially very small probability of such exceptional case. There may be specifically deployed remote surgery service in an operating room, however it may be of less interest because of less challenging environment assuming a Pico/Femto BS or even a wired connection is likely to be installed in this room.
Proposal 3
· eHealth URLLC use cases are evaluated using the agreed Indoor Hotspot, Dense Urban, Urban Macro deployment scenarios.

The spectrum assumption and BS parameters may be fully reused from the agreed deployment scenarios, since the URLLC operation is assumed to be supported together with eMBB using the same MNO infrastructure. However, the UE parameters may be different from the agreed baseline parameters due to special purpose of these devices and potentially different form factors which may allow larger antenna spacing or contrary be able to comprise only one antenna (e.g. health monitoring sensors). The power class may also differ depending on the use case.
Proposal 4
· eHealth URLLC use cases are evaluated using the mixed drop of eMBB and URLLC UEs.

· The fraction of URLLC eHealth UEs is much lower than eMBB.
· Further discuss user dropping assumptions for URLLC and eMBB UEs.
As for UE dropping, the agreed procedures from the baseline scenarios may be reused where most of UEs operate in eMBB or mMTC and a part of UEs requires URLLC service. The main attribute differentiating the eMBB and URLLC services is the traffic model with substantially different data rate, latency, periodicity and reliability requirement. While the eMBB may be evaluated with full buffer or FTP models, the eHealth traffic should be carefully considered for evaluation.
The appropriate traffic models should be selected because the full buffer modeling is not suitable for URLLC evaluations where reliability and latency of packet transmissions are the main KPIs. There are multiple medical services that may require different data rate, latency and reliability: ECG, EMG, EEG, Pulse oximeter, Temperature, Video/Medical imaging, Deep brain stimulation, Hearing aid, Capsule endoscope etc. Thus it is difficult to come up with a unified traffic model for eHealth evaluation. A simplified model with a constant packet arrival rate and size may be considered for initial evaluations. The video traffic models may also be appropriate.
Proposal 5
· Further discuss assumptions on URLLC traffic modeling for eHealth.
Industrial automation and control

For the case of industrial (e.g. factory) automation and control, both indoor and outdoor environment should be considered. For these purposes, Indoor Hotspot and Dense Urban are appropriate deployment scenarios. However, specific deployment scenarios with industrial hotspot dropping may be additionally introduced. The industrial hotspot may comprise an outdoor field or building with indoor deployed sensors, actuators and base stations. The typical industrial hotspot may have up to 400x400 m area with up to ~10000 sensors and actuators. We also note, that it is difficult to agree on a typical industrial hotspot scenario at this stage, thus it may be considered later.
Proposal 6
· Industrial automation and control URLLC use cases are evaluated using the agreed Indoor Hotspot and Dense Urban deployment scenarios.

The UE deployment is likely to be much different from the random UE dropping with identical heights as it is assumed in eMBB. The most evident change is the UE height which may be distributed even for outdoor case due to placement of sensors/actuators at industrial constructions and machines. The number of antennas at a UE may differ comparing to the eMBB use cases as well.
Traffic model for industrial control and automation also needs to be discussed. It may vary significantly depending on application, but typically the traffic model has a constant bit rate with a defined periodicity and jitter. Thus, the periodical traffic models with packet size of 20-50 bytes per transaction may be considered.
Proposal 7
· Constant bit rate traffic with 20-50 bytes packets is considered for industrial automation/control URLLC evaluations.

Discussion on wrap-around modeling for URLLC

Since one of the main KPIs for URLLC is the reliability of very low levels (10-5 PER), the accurate modeling of channels and interference is crucial for proper system design. In Rel.12 3D Channel Model channel discussion the issue with wrap-around modeling was highlighted. It was shown, that geometry-distance based wrap-around may be artificial and may lead to substantially different geometry statistics (coupling loss, SINR) especially in outage region comparing to the radio-distance based wrap-around model [5]. Therefore, it is proposed to discuss the accurate wrap-around methodology for the case of URLLC.
Proposal 8
· Further discuss radio-distance based wrap-around model for URLLC system level studies.
5 Conclusions

In this contribution, we provided our initial views on URLLC use cases and potential scenarios for URLLC evaluations. In our view V2X use cases should be separately considered and analyzed in future NR studies. As for other URLLC use cases, we notice that there are many opens on main performance metrics and deployment considerations that needs to be further discussed, including the assumption on URLLC traffic, UE dropping and other parameters.
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