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Introduction
Ultra reliable and low latency communication (URLLC) is identified as one of the three usage scenarios envisioned for IMT-2020 (“5G”) system. It is important to define appropriate evaluation assumptions, evaluation method, and evaluation metrics for URLLC study in 5G NR.
In 3GPP TR38.913, it is indicated that reliability R (with latency boundary L) will be evaluated for URLLC. In the 3GPP RAN1 meeting #85, additional evaluation metrics were proposed, and the following agreements of evaluation metrics for URLLC were reached [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
However, the following simulation assumptions are still left FFS:
· 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
· Latency metric should capture transmission latency, processing latency, retransmission latency and queuing/scheduling latency 
· Link level BLER evaluation should include control and data channels
· With and without other cell interferences
· System level evaluation should capture other cell interferences 
In this contribution, we present our views and proposals on the evaluation metrics, evaluation method, and simulation assumptions of URLLC.
Evaluation metrics for URLLC
Based on the discussion in RAN1 and RAN plenary, it is proposed to use reliability defined in TR38.913 [2] together with other RAN1 agreed metrics (e.g., URLLC capacity, etc.) as evaluation metrics for URLLC.
Proposal 1: Reliability should be used as performance metric for evaluation and feature selection in RAN1:
· Reliability is defined as the success probability R of transmitting X bits within L seconds, which is 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, at a certain channel quality Q (e.g., coverage-edge).
· Denoted as R(L, Q, SE), where SE is the required spectral efficiency and SE=X/L/B where B (in Hz) is the user bandwidth that is allocable to one device.

In addition, the industry has done extensive discussion on reliability and related performance requirements. In the Appendix, we provide a review on the performance metrics considered in Industry Reliability Engineering. It is proposed to further understand and take into account these considerations into the URLLC study.
Proposal 2: The understanding and definitions of performance metrics for URLLC in wireless mobile system shall be aligned with those in the Industry Reliability Engineering as much as possible. 
Another aspect of URLLC is that, due to the short time granularity in the time domain, it’s very easy for URLLC service to have bursty error rate due to deep fading in the time domain. In this case, ergodic error rate needs to be considered in URLLC link reliability design.
Proposal 3: Ergodic error rate shall be considered in URLLC link reliability design. 
Evaluation method
For the proposed evaluation metrics, link level simulation and system level simulation could be considered. Specifically, the following proposals are made.
Proposal 4: For reliability R(L’, Q, SE), link level simulation could be conducted. 
· Link level simulation can well evaluate various channel conditions Q with varied SNR under given latency boundary L’, by assuming that a user has been allocated a specific amount of resources. 
· In this case, latency L’ captures transmission latency, processing latency, and retransmission latency, but without scheduling / queuing latency. 
· If average scheduling latency is assumed to be Lsche, then L’=L0- Lsche, where L0 is the total latency boundary including scheduling / queuing latency.
· Companies report the assumption of processing latency, scheduling latency, and how they calculate transmission latency and re-transmission latency.
· Link level simulation will be applied as follows. For one drop, sufficient number of packets with packet size of X bits will be generated according to the traffic model. Additionally, user bandwidth B Hz, and an average SNR which represents a channel condition Q will be set. For one data packet, if it is successfully received within latency boundary L’ (with or without re-transmission), this packet is regarded as successfully received. Otherwise, this packet is regarded as failed, and will be dropped. Reliability R (L’,Q, SE)= N/M, where N is the successfully received number of packets with the pre-defined latency boundary L’ (without scheduling / queuing latency) and channel condition Q, and M is the total number of packets generated in the simulation.
On the other hand, to evaluate URLLC capacity, the number of devices / links that could fulfill certain requirement on reliability and latency should be evaluated. In this case, multiple URLLC devices will be assumed in the deployment scenario. System-level simulation could be considered. However, to evaluate the reliability requirement, full blown system-level simulation might be prohibitive, since very large simulation time might be required. For example, if the reliability requirement is 99.999%, usually 1,000,000 packets are needed for a specific link to test whether such high reliability could be achieved. That could lead to simulation time of 5 hours if we assume 50 packets per second arrival rate. In this case, an alternative way is proposed.
Proposal 5: For URLLC capacity C(L0, R0), a system level simulation could be conducted. 
· System level simulation can well evaluate the case of multiple users having URLLC traffic simultaneously, and the impact of scheduling / queuing latency could be involved. It also reflects the impact of variation of experienced SINR.
· System level simulation will be applied as follows. 
· For one drop, set the simulation time Tsim, where Tsim is larger than channel coherent time for all of the links under evaluation. Also set a number of URLLC devices and generate packet with packet size of X bits for each device according to the traffic model. 
· For the i-th destination device / link (referred to as “i-th device” for short), denote the arrival time of the k-th packet to this device as ti,k. The scheduling latency Li,k for the k-th packet of the i-th device, and its allocated bandwidth Bi,k, could be obtained from the simulation. And the channel condition (SINR) Qi,k of the i-th device during the time instance of tk could also be obtained. Calculate the reliability for this packet, Ri,k = R(L0 –Li,k, Qi,k, SEi,k), where L0 is the total latency requirement including scheduling latency, transmission latency, processing latency, and retransmission latency, SEi,k =X/(L0 –Li,k)/Bi,k, and R(L,Q, SE) is derived by link level simulation. 
· 
The reliability of the i-th device is predicted as  , where Ki is the number of packets targeted to the i-th device during simulation time Tsim.
· If Ri >R0 (where R0 is the reliability requirement), this device is regarded as “reliable” device / link, and could be accounted into URLLC capacity C (the number of reliable devices/ links). Otherwise, this device / link is not “reliable”, and should not be accounted into URLLC capacity C.
Evaluation assumptions for URLLC
[bookmark: _Ref129681832]URLLC traffic model
In RAN#72 meeting, it is agreed to use some generic assumptions to evaluate combinations of KPIs for various URLLC use cases, and this is captured in TR.38.913 [2]. The packet size of 20 byte was indicated in this generic case. 
On the other hand, the packet arrival rate needs to be considered. A packet arrival rate of 10 and 50 messages per 1 second is proposed to be employed as start point. Periodical and Poisson arrival model could be considered as indicated in [3,4].
Based on the above discussions, the following traffic model for URLLC evaluation is proposed.
Proposal 6: Consider the following traffic model in URLLC evaluation.
		Packet arrive rate
	[10, 50 messages]  per 1 second 
Option 1: periodically
Option 2: Poisson arrival

	Packet size
	20byte
Other values are FFS.



Discussion on scheduler assumption
If scheduler is to be used for URLLC, waiting time based scheduler could be considered for URLLC users instead of proportional fair. The latter one does not emphasize on the low latency requirement. If a packet has waited longer than the max allowed latency, this packet shall be discarded. The scheduler will assign higher priority to the packet with longer waiting time but not exceeding the latency boundary. 
On the other hand, grant free transmission could be an alternative to reduce the latency and therefore has the potential to improve URLLC performance. In this case, grant free can also be considered.
Proposal 7: If scheduler is to be used for URLLC, waiting time based scheduler could be considered in evaluation. Otherwise grant free transmission could be considered and modelled in evaluation.
Link level simulation parameter
For reliability, link level simulation will be used. The detailed parameters are proposed in Table 1. 






[bookmark: _Ref457841723]Table 1 Proposed parameters of link level simulation for URLLC study
	Attributes
	Values or assumptions

	Carrier Frequency
	Around 4 GHz (FDD and TDD)

	User bandwidth
	Companies report

	Service profile
	Packet size: 20 Byte; other values are FFS.
[10, 50 messages] per 1s, periodical and Poisson arrival can be considered

	Latency requirement
	1ms
Other values are not precluded
Companies report the assumption for processing latency, average scheduling / queuing latency, and how they calculate transmission latency and re-transmission latency

	SINR range
	-5dB to 20dB
Larger range is not precluded

	Sub-carrier spacing
	60kHz

	TTI length
	0.125ms 

	OFDM symbols per TTI
	6 (extended CP length), or 7 (normal CP length)

	Channel model
	TDL/CDL in TR38.900; user speed = 3km/h, 15km/h (other user speed is not precluded)

	BS antenna configuration
	2/4/8 Tx/Rx ports 
Other values are not precluded

	UE antenna elements
	1/2/4 Tx/Rx ports
Other values are not precluded

	ACK Feedback assumption
	Ideal as start point
NOTE: It is also possible that no ACK feedback is needed, 

	Channel estimation
	Ideal as start point; Realistic when RS design is ready

	CQI feedback assumption
	Ideal as start point; Realistic when RS design is ready


	
Proposal 8: Table 1 should be considered for link level URLLC evaluation.
System level simulation parameters could be FFS, including the deployment scenarios.
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In this contribution, we presented some considerations for the evaluation metrics, evaluation method, and simulation assumption on URLLC and have the following proposals:
On evaluation metrics of URLLC:
Proposal 1: Reliability should be used as performance metric for evaluation and feature selection in RAN1:
· Reliability is defined as the success probability R of transmitting X bits within L seconds, which is 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, at a certain channel quality Q (e.g., coverage-edge).
· Denoted as R(L, Q, SE), where SE is the required spectral efficiency and SE=X/L/B where B (in Hz) is the user bandwidth that is allocable to one device.
Proposal 2: The understanding and definitions of performance metrics for URLLC in wireless mobile system shall be aligned with those in the Industry Reliability Engineering as much as possible. 
[bookmark: _GoBack]Proposal 3: Ergodic error rate shall be considered in URLLC link reliability design.
On evaluation method of URLLC:
Proposal 4: For reliability R(L’, Q, SE), link level simulation could be conducted. 
· Link level simulation can well evaluate various channel conditions Q with varied SNR under given latency boundary L’, by assuming that a user has been allocated a specific amount of resources. 
· In this case, latency L’ captures transmission latency, processing latency, and retransmission latency, but without scheduling / queuing latency. 
· If average scheduling latency is assumed to be Lsche, then L’=L0- Lsche, where L0 is the total latency boundary including scheduling / queuing latency.
· Companies report the assumption of processing latency, scheduling latency, and how they calculate transmission latency and re-transmission latency.
· Link level simulation will be applied as follows. For one drop, sufficient number of packets with packet size of X bits will be generated according to the traffic model. Additionally, user bandwidth B Hz, and an average SNR which represents a channel condition Q will be set. For one data packet, if it is successfully received within latency boundary L’ (with or without re-transmission), this packet is regarded as successfully received. Otherwise, this packet is regarded as failed, and will be dropped. Reliability R (L’,Q, SE)= N/M, where N is the successfully received number of packets with the pre-defined latency boundary L’ (without scheduling / queuing latency) and channel condition Q, and M is the total number of packets generated in the simulation.
Proposal 5: For URLLC capacity C(L0, R0), a system level simulation could be conducted. 
· System level simulation can well evaluate the case of multiple users having URLLC traffic simultaneously, and the impact of scheduling / queuing latency could be involved. It also reflects the impact of variation of experienced SINR.
· System level simulation will be applied as follows. 
· For one drop, set the simulation time Tsim, where Tsim is larger than channel coherent time for all of the links under evaluation. Also set a number of URLLC devices and generate packet with packet size of X bits for each device according to the traffic model. 
· For the i-th destination device / link (referred to as “i-th device” for short), denote the arrival time of the k-th packet to this device as ti,k. The scheduling latency Li,k for the k-th packet of the i-th device, and its allocated bandwidth Bi,k, could be obtained from the simulation. And the channel condition (SINR) Qi,k of the i-th device during the time instance of tk could also be obtained. Calculate the reliability for this packet, Ri,k = R(L0 –Li,k, Qi,k, SEi,k), where L0 is the total latency requirement including scheduling latency, transmission latency, processing latency, and retransmission latency, SEi,k =X/(L0 –Li,k)/Bi,k, and R(L,Q, SE) is derived by link level simulation. 
· 
The reliability of the i-th device is predicted as  , where Ki is the number of packets targeted to the i-th device during simulation time Tsim.
· If Ri >R0 (where R0 is the reliability requirement), this device is regarded as “reliable” device / link, and could be accounted into URLLC capacity C (the number of reliable devices/ links). Otherwise, this device / link is not “reliable”, and should not be accounted into URLLC capacity C.
On evaluation assumption of URLLC:
Proposal 6: Consider the following traffic model in URLLC evaluation.
		Packet arrive rate
	[10, 50 messages]  per 1 second 
Option 1: periodically
Option 2: Poisson arrival

	Packet size
	20byte
Other values are FFS.


Proposal 7: If scheduler is to be used for URLLC, waiting time based scheduler could be considered in evaluation. Otherwise grant free transmission could be considered and modelled in evaluation.
Proposal 8: Table 1 should be considered for link level URLLC evaluation.
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Appendix Review of KPI considered in industry reliability engineering
The wireless cellular system supporting URLLC feature will eventually be used in the verticals requiring certain reliability engineering efforts, where many standards pertinent to reliability engineering have been available in other standard organizations, such as IEC and IEEE. “Latency”, “Reliability”, and “Availability” are also the KPIs in reliability engineering as well, and a collection of definitions can be found in the standards in IEEE [5][6] and IEC [7][8]. 
While the word of “latency” is self-defined, further clarifications between “reliability” and “availability” are not trivial. Although there is not a single version of wording serving as the universal definition  applicable to all reliability standards in IEC and IEEE, the practical implications of different wording are almost the same, represented as the typical definitions below excerpted from IEC and IEEE standards, respectively:
“Reliability: The ability of an item to perform a required function under given conditions for a given time interval.” (From IEC)
“Availability: The probability that a system will be able to execute a function accurately at any given time.” (From IEEE)
“Availability: the ratio of uptime (system functional) to uptime plus downtime (system not functional)” (From IEC)
Generally speaking, “reliability” refers to the ability to perform specific function at a given moment while “availability” refers to the system stability to perform the specific function with the required reliability, or the probability to fulfill a task at any time.
Multiple versions of definitions for “Latency”, “Reliability”, and “Availability” are also available in 3GPP TRs [4][2], as well as in METIS study report [9][10], and NGMN whitepaper[11]. Similar as in IEC and IEEE, the wording of the definitions might be different across different documents but the contents are similar and the practical implications are almost identical. 
It should be noted that there are gaps in the domain knowledge between the wireless communication society and the industry reliability engineering society. In order to have common language with the verticals, it is proposed to align the understanding of “Reliability”, “Latency”, and “Availability” in wireless cellular system with those for industry reliability engineering as much as possible. It is very important for the industry to have clear understanding and assessment of the capabilities of wireless system to provide critical communications. For this purpose, it might be useful to consider a set of consistent but more generic definitions for URLLC without compromising the existing 3GPP domain specific definitions:
Reliability: the probability to successfully transmit a service data package from the sending node to the receiving node at the specific ingress point at the protocol layers.
Latency: The transmission time required sending the service data package from the sending node to the receiving node with the required reliability, including retransmission of the service data package, but excluding delay incurred in the core network. 
Availability: the probability of the system to deliver a service data package with the required reliability and latency at any time in the specific coverage area.
For example, 99.999% of system availability would means roughly 8 seconds of service interruption within 24 hours. While the necessity of new definition wording is for further discussion, it’s of vital importance that the industrial users of 3GPP URLLC design can eventually be convinced by the aligned understanding on the performance metrics that the wireless cellular system could offer.
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