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1 Introduction

At the previous TSG RAN1 WG Meeting #85, deployment scenarios for URLLC system level evaluations were discussed. It was concluded to agree on a single scenario for URLLC use cases evaluation except those related to eV2X since they have dedicated scenarios specific to vehicle communication analysis. Additionally, evaluation metrics and traffic models were also discussed. The following agreements and conclusions were made [1]:
Agreements:

· The following performance metrics are defined for evaluation and feature selection in RAN1 (FFS the method of evaluation, including whether SLS are required): 

· URLLC capacity is defined as delivered traffic given the (L, R) constraint
· Denoted as C(L,R) 
· URLLC / eMBB multiplexing capacity is defined as the simultaneously delivered URLLC capacity C(L,R) and eMBB capacity T
FFS until RAN1#86:

· Proposal 1: Single URLLC traffic model should be used to evaluate URLLC KPIs

· Example: Fixed packet size of 32 Bytes, Poisson arrival rate of (,

· Example: single directional and bi-directional traffic could be considered

· Proposal 2: Latency metric should capture transmission latency, processing latency, retransmission latency and queuing/scheduling latency 

· Proposal 3: Link level BLER evaluation should include control and data channels

· With and without other cell interference

· Proposal 4: System level evaluation should capture other cell interferences 
Conclusion:
· Aim for a single set of assumptions for evaluations of URLLC
In this contribution, we discuss the remaining details of URLLC evaluation scenarios and metrics.
2 Evaluation Metrics and Methods
From the last meeting it is FFS whether system level evaluation method is used for URLLC capacity studies or not. In our view, the system level evaluation method is required to evaluate both interference limited and noise limited conditions assuming realistic distribution of channel quality of URLLC users. Moreover, the issue of efficient multiplexing with eMBB services also needs to be evaluated by system level to handle mutual interference effects.
Proposal 1

· System level simulation method is used for URLLC capacity evaluation.
At RAN1#85, it was agreed to evaluate URLLC capacity C(L, R), that is the delivered traffic in a cell given the latency L (e.g. 0.5 ms) and reliability R (e.g. 1-10-5) constraints. This capacity in general should be evaluated by system level evaluations since it depends on channel propagation conditions and interference of each UE/transmission in a cell. However, for some system settings (e.g. bandwidth, TTI duration etc.) it may not be feasible to serve UEs with bad signal propagation conditions due to link budget limitation. Therefore it needs to be decided how these UEs are taken into account in evaluations of URLLC system capacity C(L, R). There may be two approaches. First approach is to agree on target MCL assuming for URLLC evaluation and re-drop a UE if its channel propagation conditions do not satisfy agreed MCL. The second approach is to additionally use another metric which is the observed URLLC service outage given the offered load C, latency L and target reliability R. Note, that this metric holds the relative effect from application of different techniques for URLLC.
Proposal 2
· Additionally to the service capacity C(L, R), define an observed URLLC service outage (1-Robserved) metric for the given (C, L, R), where C – offered cell load, L – latency target, R – reliability target.

Since the user plane latency for reliability studies is defined as “the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface” [4], then it should include at least the following: TX processing time, frame alignment and scheduling/queuing latency, TTI duration, RX processing time. If retransmission scheme is evaluated, then it should be included and should take into account the mentioned latency components additionally for the feedback transmission and for the retransmission. In UL case, the latency should take into account potential scheduling request and scheduling grant transmission latency if those are assumed.
Proposal 3
· Latency metric should include at least transmission processing time, scheduling/queuing latency, TTI duration, and receive processing time.
· If retransmission scheme is evaluated, then the retransmission latency is included into the target latency.
· In UL case, the latency should take into account potential scheduling request and scheduling grant if those are assumed.
3 Traffic Model
There are generally two different types of traffic that are assumed for URLLC services: periodic traffic (e.g. for periodic health monitoring, industrial control applications) and sporadic traffic (e.g. for smart grid or health remote reaction and treatment). Both of them are of equal priority in terms of support of URLLC services. However, the sporadic traffic case seems much more challenging due to potential issues in scheduling procedure and access to spectrum resources as discussed in [2]. Thus, the sporadic traffic modeling may be prioritized over the periodic traffic scenarios to achieve the “single set of assumptions” target.
Proposal 4
· For URLLC evaluation, sporadic traffic models are considered with higher priority.
Since the Poisson process holds the memoryless property of random packet arrivals, then it may be suitable for sporadic traffic evaluation. Thus, the well-established FTP Model 1 may be applied for evaluation of URLLC capacity with a specific fixed packet size. The small packet sizes may be evaluated first. The proposed previously 32 bytes may be selected as a starting point, however such payload size is even less than the one evaluated for IoT services (> 640 bit) since the protocol overhead may be even larger than 64 bytes. Thus, other values e.g. 64 bytes should also be evaluated.
Proposal 5
· The sporadic traffic is modeled according to the FTP Model 1 with a fixed packet size of e.g. 32-64 bytes.

4 Deployment Scenarios

Last time it was discussed, that different use cases may require different deployment scenarios and evaluation assumptions. However, it was concluded that a single set of assumptions is desirable for evaluation of all URLLC use cases. In this section we discuss the assumptions that may be used for evaluation of most of the URLLC use cases.

The following general use cases are considered for URLLC (excluding V2X):

· eHealth, e.g. surgical robots or remote health monitoring and treatment.

· Industrial factory automation and control.

· Smart grid.

· Tactile internet.

We note, that most of the use cases except the industrial ones are considered to be served in typical network deployments and by typical operator infrastructure, i.e. in those considered for enhanced mobile broadband (eMBB) evaluations. Thus, the eMBB evaluation scenarios are also applicable for most of URLLC use cases.
In eMBB, there are four deployment scenarios considered for evaluation: Indoor Office, Dense Urban, Urban Macro and Rural. In our view the indoor hotspot scenario may be more suitable for industrial applications, which is quite specific category of URLLC use cases. The Rural scenario may not be typical and may not cover majority of URLLC use cases. Therefore the Urban scenarios seems to be a more natural choice. For general study, the considered URLLC scenario should be challenging in terms of both channel attenuation and interference conditions. Thus the eMBB scenarios with medium and large inter-site distances in order to evaluate coverage limited environment with potential inter-cell interference may be considered for URLLC. Such scenarios are Urban Macro (500 m inter-site distance) and Rural (1732 m inter-site distance). The Urban Macro layout may be selected for initial URLLC studies and the Rural scenario may be evaluated as a second priority.
Proposal 6
· Urban Macro scenario is used for URLLC evaluation.

· Rural and indoor hotspot deployment scenarios are considered as a second priority.
Discussion on wrap-around modeling for URLLC

Since one of the main KPIs for URLLC is the reliability of very low levels (10-5), the accurate modeling of channels and interference is crucial for proper system design. In Rel.12 3D Channel Model 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 re-discuss the accurate wrap-around methodology for URLLC evaluations.

Proposal 7
· Further discuss radio-distance based wrap-around model for URLLC system level studies.
5 Conclusions

In this contribution we discussed remaining issues of URLLC modeling for NR and have the following proposals:
Proposal 1

· System level simulation method is used for URLLC capacity evaluation.
Proposal 2
· Additionally to the service capacity C(L, R), define an observed URLLC service outage (1-Robserved) metric for the given (C, L, R), where C – offered cell load, L – latency target, R – reliability target.

Proposal 3
· Latency metric should include at least transmission processing time, scheduling/queuing latency, TTI duration, and receive processing time.
· If retransmission scheme is evaluated, then the retransmission latency is included into the target latency.

· In UL case, the latency should take into account potential scheduling request and scheduling grant if those are assumed.
Proposal 4
· For URLLC evaluation, sporadic traffic models are considered with higher priority.
Proposal 5
· The sporadic traffic is modeled according to the FTP Model 1 with a fixed packet size of e.g. 32-64 bytes.

Proposal 6
· Urban Macro scenario is used for URLLC evaluations.

· Rural and indoor hotspot deployment scenarios are considered as a second priority.
Proposal 7

· Further discuss radio-distance based wrap-around model for URLLC system level studies.
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