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Introduction
In RAN1 #85 Meeting the following agreements regarding URLLC KPIs and evaluation assumptions were made [1]: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 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



URLLC is a 5G major service type that covers many important use cases such as connected cars, factory automation, eHealth, etc. Two important KPIs that are most relevant to URLLC are user plane latency and reliability.  URLLC has stringent requirements for both latency and reliability.  
The reliability is defined as follows: The success probability of transmitting a layer 2/3 packet of [x bytes] within a maximum time of [t ms], which is typically the user plane latency. The typical value for URLLC reliability is 99.999%.  
On the other hand, the user plane latency is defined as follows: The time it takes to successfully deliver a data packet/message from the radio protocol layer 2/3 SDU (service data unit) ingress point to the radio protocol layer 2/3 SDU egress point via the radio interface in both uplink and downlink directions, where neither device nor Base Station reception is restricted by DRX [2].  The typical value for user plane latency is 0.5 ms. It is also recommended to study the feasibility of 0.25 ms.  However, for high reliability scenarios such as 99.999%, the 1 ms latency requirement is more realistic.
In this contribution, we will discuss some evaluation assumptions relevant to the two KPI requirements.

Discussion
Traffic Model
The full buffer traffic model is not appropriate for URLLC evaluation, since reliability and user plane latency of packet transmissions are the main KPIs. In terms of eHealth evaluation, there exist multiple medical applications and services, which need various data rate, latency and reliability requirements. Thus it is very complicated to define a comprehensive traffic model for eHealth evaluation.  Some eHealth applications simply need small packets for issuing control commands, whereas some other applications (remote robotic surgery) require live video streaming. To model the former case, for initial evaluations we propose using a simple model with constant packet arrival rate and small fixed packet size in order of 30 to 50 bytes. The arrival of packets could be modelled by Poisson arrival process.  To model the latter case, i.e. live video streaming, more discussion may be needed to come up with a suitable yet simple and practical model.  We suggest a simple FTP traffic model with small file sizes of 128 and 64 Kbytes.   
For automation and industry applications the traffic model could be different from that of eHealth. However, typically in such case, the traffic model has a constant data rate with a certain arrival pattern. Thus, the traffic model with packet size of 30 to 50 bytes per transmission with Poisson arrival process may be considered.
Proposal 1: For initial evaluations use a simple Poisson arrival process with fixed packet size of 32 or 48 bytes, and constant arrival rate of .
Proposal 2: For live video streaming consider an FTP traffic with initial file size of 128 Kbytes and additional file size of 64 Kbytes.

Latency
The user plane latency is defined as the time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point via the radio interface in both uplink and downlink directions, where neither device nor Base Station reception is restricted by DRX.
Generally, the latency evaluation should count for all applicable delays including delays when no resource has been allocated yet. These delays are associated with request/grant and channel access contention.  However, in NR systems, it can be assumed that scheduling requests associated with URLLC traffic are highly  prioritized, and therefore queuing and resource allocation delays can be assumed to be negligible so no additional transport delay is involved. Other latency components, such as transmission time of the data packet, receiver processing and decoding time, and the latency associated with overall HARQ process should be considered in the evaluation. The preliminary latency study can be analytically done using the approach suggested in TR 38.913 Annex B [3].
Proposal 3: Latency evaluation should include transmission latency, processing/decoding latency, and retransmissions latency.
Link-level Evaluation
Link-level simulations are necessary to study the feasibility of achieving the target reliability of 99.999% (i.e. BLER of 10-5 ). Link-level simulations should include HARQ and packet re-transmissions which satisfies the latency requirements. It also should take into account AMC to guarantee high reliability yet optimal resource utilization.
Fading Channel: So far there has been some link-level simulation efforts relevant to URLLC under the context of channel coding evaluation for smaller packet sizes. The initial simulation assumptions consider a simplistic AWGN channel model for the simulations. URLLC is planned to be deployed in harsh channel environments, e.g. factory plants, where severe conditions such as strong impulse noise and large temperature swings exist. Rapid movements and rotations of machine parts also suggest channel environments with fading and Doppler shift.
Control Channel: Very stringent requirement on data channel reliability immediately suggests even much more stringent requirements on control channel reliability.  A robust reliable dependable control channel is necessary for reliable data channel. It is expected that control channel simulation be a part of URLLC evaluation.  
Interference: Since high reliability (i.e. 99.999%) is the subject of study for URLLC, it is expected that very advanced receiver structures be deployed in most cases. To achieve high reliability any possible undesired interference should be accounted for.  Therefore, simulation assumptions must take into account an appropriate model for interference from neighbouring cells.   
Proposal 4: Link-level evaluation should include both control and data channels. It should consider fading channel with proper impulse noise model. Other cells interference should be also considered and modelled.    
System-level Evaluation
As mentioned above accurate modelling of channel and interference is a crucial factor for URLLC system design and evaluation. Overall system-level evaluation is necessary to study the reliability and latency of the URLLC system, under practical and realistic channel environment and interference.  URLLC is expected to be deployed both in indoor and outdoor environments. Agreed InH and UMi deployment scenarios look viable as candidates for URLLC system-level evaluation.  The viability of UMa and RMa deployment scenarios for URLLC have to be discussed.    
Previously, in 3D channel model discussion an issue with respect to wrap-around scheme was brought up.  It was shown that the default geometry-distance based wrap-around scheme may have some shortcomings compared to more realistic (and possibly more computationally complicated) radio-distance based scheme. At the time the radio-distance based scheme was left as an optional scheme.  Due to the need for high accuracy of the system model for URLLC evaluations, we suggest to revisit the geography-distance vs. radio-distance wrap-around issues for URLLC.  
Proposal 5: System-level evaluation should consider other cell interferences.  Both indoor and outdoor scenarios should be considered.
Proposal 6: Revisit the geography-distance vs. radio-distance wrap-around issues for URLLC system-level evaluation.
    
Summary
In this contribution, we discussed the evaluation of KPIs regarding URLLC services. According to our discussion, the following proposals are made: 
Proposal 1: For initial evaluations use a simple Poisson arrival process with fixed packet size of 32 or 48 bytes, and constant arrival rate of .
Proposal 2: For live video streaming consider an FTP traffic with initial file size of 128 Kbytes and additional file size of 64 Kbytes.
Proposal 3: Latency evaluation should include transmission latency, processing/decoding latency, and retransmissions latency.
Proposal 4: Link-level evaluation should include both control and data channels. It should consider fading channel with proper impulse noise model. Other cells interference should be also considered and modelled.
Proposal 5: System-level evaluation should consider other cell interferences.  Both indoor and outdoor scenarios should be considered.
Proposal 6: Revisit the geography-distance vs. radio-distance wrap-around issues for URLLC system-level evaluation.
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