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1 Introduction

A new study item on New Radio (NR) Access Technology was approved [1]. For NR, three usage scenarios have been mainly considered, which are eMBB (enhanced Mobile Broadband), mMTC (massive Machine Type Communications) and URLLC (Ultra-Reliable and Low Latency Communications). In RAN1#85, some URLLC assumptions for evaluation were discussed, where the following agreements were made. 

	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 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 



This contribution considers the remaining issues including the FFS points from RAN1#85. 
2 Discussions 
FFS issues from RAN1#85 

For discussion of URLLC traffic model, it is needed to think what applications can be considered for URLLC. It is because the size and the arrival rate of a packet depend on the applications. If URLLC evaluations are performed only with a single traffic model, it may result in biased results.     


For latency metric, this latency metric for system-level performance comparison is different from user plane latency.  For performance comparison, transmission delay (i.e., TTI), processing delay and queuing/scheduling delay should be considered. If URLLC supports HARQ retransmission, then retransmission delay also needs to be included. Additionally, for UL evaluation cases, UL access delay also should be captured in calculation of the latency metric, where UL access delay includes the time of SR and UL grant reception. If a URLLC UE has UL resource in advance, then UL access delay becomes zero.

For LLS, RAN1 needs to specify how to model inter-cell interference for DL and UL evaluations. 
Proposal 1: Various traffic models, e.g., different packet sizes and arrival rates, needs to be considered for URLLC evaluations.
Proposal 2: Latency metric for system-level evaluations should capture transmission delay (i.e., TTI), processing delay, queuing/scheduling delay and UL access delay. If HARQ is supported, retransmission delay also needs to be included.
Proposal 3: For LLS and SLS, RAN1 needs to specify how to model inter-cell interference for DL and UL evaluations.
Traffic model in SLS for URLLC/eMBB multiplexing capacity


In this SLS for URLLC and eMBB multiplexing, the spectral efficiency is not a main interesting metric. So, instead of full buffer model, 3GPP FTP traffic models 1, 2 or 3 can be adopted in order to consider bursty traffic of URLLC and eMBB. The detailed explanation of FTP traffic models 1, 2 and 3 can be seen in [2]. RAN1 should discuss parameters such as file size and arrival rate for the FTP models before evaluations.
Proposal 4: Consider FTP models for both URLLC and eMBB, and RAN1 should discuss specific parameters for URLLC and eMBB traffic models.
URLLC capacity definition for SLS 


RAN1 needs to clarify the definition of URLLC capacity, where RAN1 already has the agreement that URLLC capacity is defined as delivered traffic given the (L, R) constraint and denoted as C(L, R). However, this definition seems yet unclear. In the following, an overall observation methodology for evaluation is provided. 

It is needed to consider what L and R affects the system-level evaluations. First, R determines MCS for scheduling to satisfy the required reliability. Regarding the definition of L, the following two approaches for evaluation can be suggested. To proceed, a file delay 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 or the time from the instant of a packet arrival to the instant of successful decoding.
Approach 1. L is a strict requirement of latency for every URLLC packet. With this approach, the evaluation and performance observation can be performed as follows. First, system-level evaluation can be performed with a given L and with a fixed packet size. For the packets having its file delay less than L, it can be counted as a successful packet. In this case, the transmitted information size can be considered to be equal to the packet size. On the contrary, the packets having its file delay larger than L can be counted as a failed packet. For the failed packet, its transmitted information can be considered as zero. Next, the capacity can be also observed with the user perceived throughput for URLLC transmission, where the average value of the transmitted information size divided by the file delay over the packets arrived at the transmitter. Figure 1 shows an example of the above approach. As it can be seen, the 1st packet is a successful packet while the 2nd one is a failed packet. With this setting, C(L, R) can be calculated as below. 
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Here, if it is assumed that the information bits received after the latency requirement are not useful to the URLLC UE anymore, the eNB does not need to transmit those bits and the eNB can stop transmission after the latency requirement. With this setting, instead of the above calculation, C(L, R) can be calculated as below. 
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Figure 1: Example of Approach 1.
Approach 2. In this approach, L is a parameter to determine TTI length (or frame structure) so that the user plane latency with the chosen TTI length (or frame structure) is less than L. Even though the file delay of a packet is larger than L, the packet is considered as one of the successful packet. With this setting in the example of Figure 1, C(L, R) can be calculated as below. 
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Including the above two approaches, RAN1 should clarify what L and R denote and how to measure C(L, R).
Proposal 5: RAN1 should clarify what L and R denote and how to measure C(L, R) for SLS.
URLLC capacity definition for LLS 


Similar to the above SLS case, the role/definition of C, L and R needs to be clarified. In LLS as well as SLS, R determines MCS for scheduling to satisfy the required reliability. Also, L becomes a parameter to determine TTI length (or frame structure) so that the user plane latency with the chosen TTI length (or frame structure) is less than L. Therefore, for given L and R, the eNB can schedule with MCS and TTI length. After that, with full buffer model, the URLLC capacity C(L, R) can be defined as spectral efficiency. Plus, BLER can be observed for given L and R. 

RAN1 should clarify what L and R denote and how to measure C(L, R) for LLS.
Proposal 6: RAN1 should clarify what L and R denote and how to measure C(L, R) for LLS.. 
3 Conclusions
In this contribution, the remaining issues for URLLC evaluation were discussed. It can be summarized as below. 
Proposal 1: Various traffic models, e.g., different packet sizes and arrival rates, needs to be considered for URLLC evaluations.
Proposal 2: Latency metric for system-level evaluations should capture transmission delay (i.e., TTI), processing delay, queuing/scheduling delay and UL access delay.
Proposal 3: For LLS and SLS, RAN1 needs to specify how to model inter-cell interference for DL and UL evaluations.
Proposal 4: Consider FTP models for both URLLC and eMBB, and RAN1 should discuss specific parameters for URLLC and eMBB traffic models.
Proposal 5: RAN1 should clarify what L and R denote and how to measure C(L, R) for SLS.
Proposal 6: RAN1 should clarify what L and R denote and how to measure C(L, R) for LLS..
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