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1 Introduction

In the RAN #80 meeting, a new SID on Physical Layer Enhancements for NR URLLC was approved [1]. In order to establish the baseline performance achievable with Rel-15 URLLC, and to investigate the necessary improvement for the prioritized URLLC use cases in [1], evaluations and simulations would be needed. The contribution firstly discusses the detailed requirements for the prioritized URLLC use cases, and then discusses the evaluation assumptions and methodology, which can be used for the cases where simulation is needed.    
2 Requirements 
According to the SID [1], the identified use cases with higher requirement for Rel-16 URLLC include transport industry, electrical power distribution and factory automation. TR 22.804 [2] and 22.886 [3] provide detailed description of these identified use cases. Based on the description in [2][3], the requirements on the potential detailed use cases for URLLC are identified and listed in Appendix A. 
To reduce the workload, evaluation can be done only for a selected number of typical use cases. Table 1 can be the starting point for evaluation, where key parameters are provided. Evaluations on other use cases are not precluded. Note that for power distribution and factory automation, more than one use case are identified for URLLC as shown in Appendix A, among which some use cases with either more appropriate requirements (i.e. neither too high nor too low, e.g. the selected one for factory automation) or potential promising deployment by operator (e.g. differential protection) are selected and given in Table 1.      
Table 1. Requirements for the identified use cases for Rel-16 NR URLLC evaluation
	Use case
(Clause #)
	Reliability (%)
	End-to-end latency (ms)
	# of UEs
(per cell)
	Data packet size
	Description 

	Transport Industry

(22.886: 5.4 & 7.2.5)
	99.999
	5
	[30] (Note 1)
	DL: [2083] byte (Note 2)

UL: [5220] byte (Note 3)
	Remote driving 


	Power distribution

(22.804:5.6.4 &5.6.6)
	99.9999
	5
	[8] (Note 4)
	[80] byte (Note 5)
	Power distribution grid fault and outage management 

	
	[99.999] (Note 6)
	15
	[8] (Note 4)
	250 byte 
	Differential protection

	Factory automation

(22.804: 5.3.2)
	99.9999
	2
	4 (Note 7)
	20 byte
	Motion control


In Table 1, except for the ones with note, the value is from TR 22.804 or 22.886. End-to-end latency in Table 1 also includes core network delay (CN delay). For simulation, 1ms CN delay can be assumed for factory automation, and 3 ms CN delay can be used for transport industry and electrical power distribution.  
The values for the parameters with note are derived based on the requirements defined in 22.804 or 22.886 as shown in Appendix A. Detailed explanation is as below:   

Note 1: According to the deployment of Urban Macro for V2X, the total length of lanes is about (433+250)*3*12=24588 m, while the inter-vehicle distance is about 33 m for a minimum response time of 2 s. As a result, approximately 30 UEs per cell for the given 8x3 cell deployment. 
Note 2: For DL transmission in remote driving, the required user experienced data rate is up to 1 Mbps as shown in Appendix A. Assuming 60 video frame per second for uplink stream and there is DL response to each video frame, the potential packet size for each response is about 2083 bytes.    
Note 3: The required user experienced data rate defined in 22.886 is up to 20 Mbps for UL transmission in Remote Driving, which is achieved assuming 10 Mb/s for one video stream. 10 Mb/s for one video stream is achieved assuming 4k resolution ratio, which is a little bit high for remote driving with human operator. The typical resolution ratio 720p @ 60fps could be assumed. In this case, the packet size could be about 2172 bytes per one video stream. In typical case, there are two video streams and some sensor data is expected to be transmitted also, thus the potential packet size is about 5220 bytes including 880 bytes sensor data, where 880 bytes sensor data is achieved according to the packet size (mainly for sensor data) defined in 37.885. According to 37.885, the packet size is defined as 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8, the average packet size is about 880 bytes.              
Note 4: The required service area for differential protection and power distribution grid fault is often in the level of km2, while the average number of terminals is 20~100 per km2. According to the network deployment of Urban Macro, the ISD is 500 m and hence the service area per cell is about 0.072 km2. As a result, the number of served UEs per cell is at most about 8.
Note 5: According to IEC-60870-5-104 and deployment of some operator, the potential packet size is about 80 bytes for power distribution grid fault and outage management.
Note 6: According to the deployment of some operator, the reliability of 99.999% may be sufficient for differential protection. 
Note 7: The required service area for motion control is typically 100mx100m, while the average number of terminals is 100 as shown in the Appendix A. According to the network deployment of Indoor Hotspot, nodes are deployed in grids with a distance of 20 m and hence the service area per cell is about 400 m2 if no section is adopted. As a result, the number of served UEs per cell is about 4 in such deployment.
Proposal 1: Take the requirements in Table 1 as the starting point for Rel-16 NR URLLC evaluation with the following assumptions:
· 1 ms core network delay for factory automation 

· 3 ms core network delay for power distribution and transport industry 
Further priority of the use cases given in Table 1 could be considered for evaluation. For example, among the two cases for power distribution, the second use case (i.e. as described in section 5.6.6 in 22.804) could be prioritized considering the actual deployment of some operator. 
In addition, as described in section 3.2.3, according to the LS on channel model for indoor industrial scenarios from 5G-ACIA, some parameters of the channel model defined in 38.901 may need to be extended to better match the characteristics of industrial facilities, e.g. the layout or path loss related parameters. Further discussion is needed on what to do with the evaluation on factory automation considering accurate updated channel model is not available.  
3 System level evaluation  
The simulation assumptions in this section can be used as a baseline for NR URLLC evaluation and can be modified later as necessary.
3.1 Performance metric

According to TR 38.802, the performance metric for URLLC is to evaluate the percentage of users satisfying reliability and latency requirements. However, since the use cases for URLLC require high reliability and low latency, it seems not acceptable that some UEs in the deployed scenario cannot satisfy the requirements. Therefore, the percentage of users satisfying reliability and latency requirements should be close to 100%. 
Proposal 2: The performance metric for Rel-16 NR URLLC evaluation includes at least the percentage of users satisfying reliability and latency requirements. The target percentage should be 100%. 
Alternatively, we can evaluate the number of users satisfying reliability and latency requirements per a certain bandwidth, then the required amount of spectrum scales to fulfill the number of UEs in a certain use case. In this case, the performance metric can be evaluating the number of users satisfying reliability and latency requirements per M bandwidth, where.   
· M is the simulation bandwidth (e.g. 40 MHz)  
· Reliability is given in Table 1 for each use case

· Latency is derived using the end-to-end latency given in Table 1 and the assumption of the CN delay. Specifically, 2ms for transport industry, 6 ms for differential protection and 1 ms for motion control.      
3.2 Evaluation scenarios 
3.2.1 Transport Industry 
The value of a parameter is from the TR 37.885 [4] if there is no specific description. In this section, simulation settings for both urban macro and high way are provided. Urban macro can be prioritized if needed.   
Proposal 3: Take the simulation settings in Table 2 as the starting point for Rel-16 NR URLLC system level evaluation for transport industry.  
3.2.1.1   Urban Macro 
The simulation settings in Table 2 can be used for Urban Macro for Transport Industry.
Table 2: System-level evaluation assumptions (Urban Macro for Transport Industry)
	Parameters
	Value

	Layout
	Single layer - Macro layer: Road configuration in Figure 6.1.9-1 in 38.913 and BS placement as depicted in Figure A.1.3-1 in 36.885.

	Inter-BS distance
	500m

	Carrier frequency
	4 GHz

	Simulation bandwidth
	40 MHz

	Channel model 
	UMa in TR 38.901

	UE Tx power
	23dBm

	BS antenna configurations
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1);

dH = 0.5λ, dV = 0.8λ;

102 degree for 500m ISD

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss

	BS receiver noise figure
	5dB

	UE antenna configuration
	(Mp, Np, P, Mg, Ng) = (1,2,2,1,1)
(dH, dV) = (0.5, 0.5)λ
Antenna tilt 0 degree

	UE receiver noise figure
	9 dB

	UE antenna height
	1.6m (Type 2 vehicle UE type in 37.885)

	Total transmit power per TRxP
	49 dBm 

	UE distribution
	Similar as Option A in 37.885
-
Vehicle type distribution: 100% vehicle type 2.
-
Vehicle speed is 60 km/h in all the lanes.

	Parameters with the value not defined in 37.885

	SCS 
	30 kHz, 60 kHz

	Number of UEs per cell
	Up to 30

	Traffic model
	DL (1Mbps ~=2083bytes*8bit*60)
-
Traffic (Aperiodic) for Inter-packet arrival time: 
·  FTP mode 3: Poison arrival distribution with arrival interval [1/60] s
-
Packet size: [2083] bytes with [2ms] latency and 99.999% reliability 
UL (2.5Mbps~ = 5220 bytes *8 bits*60)

-
Traffic (Periodic) for Inter-packet arrival time: 

· [1/60] s periodic
-
Packet size: [5220] bytes with [2ms] latency and 99.999% reliability.

L1 latency bound: [2] ms

	UE power control
	Companies report the PC mechanisms used for URLLC. 

	HARQ/repetition
	Companies report (including HARQ mechanisms).

	Channel estimation
	Realistic

	BS receiver
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.


3.2.1.2   Highway  
The simulation settings in Table 3 can be used for highway for transport industry, where only the parameters with different values from urban macro in Table 2 are listed. 
Table 3: System-level evaluation assumptions (Urban Macro for Transport Industry)
	Parameters
	Value

	Layout
	Single layer - Macro layer: Straight line BS placement with Road configuration in 36.885.

	Inter-BS distance
	1732m

	BS antenna height
	35m

	UE distribution
	Similar as Option A in 37.885
-
Vehicle type distribution: 100% vehicle type 2.
-
Vehicle speed is 140 km/h in all the lanes.


3.2.2 Power distribution  

The value of a parameter is from the TR 38.802 [5] if there is no specific description. The simulation settings in Table 4 can be used for urban macro for power distribution. Rural scenario for power distribution is not precluded. 
Table 4: System-level evaluation assumptions (Urban Macro for power distribution)
	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	500m

	Carrier frequency
	4 GHz

	Channel model 
	UMa in TR 38.901

	UE Tx power
	23dBm

	BS antenna configurations
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1);

dH = 0.5λ, dV = 0.8λ;

102 degree for 500m ISD 

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5dB

	UE antenna configuration
	Up to 8Tx/Rx antenna elements
Panel model 1: Mg=1, Ng=1, P=2, dH=0.5

	UE antenna height
	Follow the modelling of TR 38.901 (e.g. 1.5m)

	UE antenna gain
	0dBi as starting point

	UE receiver noise figure
	9 dB

	Total transmit power per TRxP
	49 dBm 

	BS receiver
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	Parameters with the value not defined in 38.802

	Number of UEs per cell
	Up to 10 

	Simulation bandwidth 
	40 MHz

	SCS 
	30 kHz, 60 kHz

	UE distribution
	100% of users are outdoors 

	Traffic model
	Traffic (Periodic) for Inter-packet arrival time: 0.833 ms
Packet size: [250] bytes
CN delay: [3] ms

L1 latency bound: [6] ms

	UE power control
	Companies report the PC mechanisms used for URLLC. 

	HARQ/repetition
	Companies report (including HARQ mechanisms).

	Channel estimation
	Realistic


Proposal 4: Take the simulation settings in Table 4 as the starting point for Rel-16 NR URLLC system level evaluation for electrical power distribution.  
3.2.3 Factory automation  

Factory automation would mainly target for Indoor hot-spot. However, according to the LS on channel model for indoor industrial scenarios from 5G-ACIA, the channel model defined in 38.901 may need to be extended to better match industrial facilities characteristic. We may need to adjust some parameters of the channel model, like the layout or path loss related parameters. Further discussion is needed on what to do with the evaluation on factory automation considering accurate updated channel model is not available. The simulation settings in Table 5 can be used for indoor hot-spot for factory automation. 
Table 5: System-level evaluation assumptions (Indoor hot-spot for factory automation)
	Parameters
	Value

	Inter-BS distance
	20m

	Carrier frequency
	4 GHz

	UE Tx power
	23dBm

	BS antenna element gain + connector loss
	5 dBi

	BS receiver noise figure
	5dB

	BS antenna configurations
	4 GHz: Up to 256Tx/Rx antenna elements
(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ for 4GHz

	BS antenna height
	25m

	UE antenna configuration
	Up to 8Tx/Rx antenna elements
Panel model 1: Mg = 1, Ng = 1, P = 2, dH = 0.5

	UE antenna height
	Follow the modelling of TR 38.901 (e.g. 1.5m)

	UE antenna gain
	0dBi as starting point

	Total transmit power per TRxP
	24 dBm for 20 MHz bandwidth 

	BS receiver
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	Parameters with the value not defined directly for factory automation in 38.802

	SCS 
	30 kHz, 60 kHz

	Simulation bandwidth 
	40 MHz

	Layout
	Single layer as defined in 38.802
Indoor floor: (25BSs per 100m x 100m)
Note: Companies report the modification of the layout 

	Channel model 
	ITU InH for 4 GHz

Companies report the modification of the channel model 

	Number of UEs per cell
	Up to 10

	UE distribution
	100% of users are indoor: 3 km/h or 30 km/h UE-speed

	Traffic model
	Traffic (Periodic) for Inter-packet arrival time: [2] ms
Packet size: 50 bytes
CN delay: [1]ms

L1 latency bound: [1] ms

	UE power control
	Companies report the PC mechanisms used for URLLC. 

	HARQ/repetition
	Companies report (including HARQ mechanisms).

	Channel estimation
	Realistic


Proposal 5: Take the simulation settings in Table 5 as the starting point for Rel-16 NR URLLC system level evaluation for factory automation.  
4 Link level evaluation  
In addition to system-level simulation, link-level simulation may be needed for URLLC evaluation. The simulation settings in this section can be used as a baseline and can be modified later as necessary. For link-level simulation, the assumptions for different use cases seems not so divergent, thus we can sort the scenarios as urban macro and indoor hot-spot. Additional parameters for a certain channel can be added later if necessary.   
Proposal 6: Take the simulation settings in Table 6 and Table 7 as the starting point for Rel-16 NR URLLC link level evaluation.  
4.1 Link level simulation assumptions for Urban Macro

This deployment is mainly for transport industry and power distribution. The following link simulation assumptions are used:
Table 6: Link-level simulation assumptions (Urban Macro) 
	Parameter
	Value

	Carrier frequency for evaluation
	4GHz

	Channel model
	TDL-C (delay spread: 300ns)  as in 38.901

	Deployment
	Urban macro as listed in 3GPP 38.802

	UE speed
	3 km/h, 60 km/h, 140 km/h

	BS TX antenna configuration
	2 TX ports, 4 Tx ports
Note: One or more can be simulated 

	BS RX antenna configuration
	4 Rx ports, 8 Rx ports, 16 Rx ports
Note: One or more can be simulated

	UE TX antenna configuration
	1TX port as baseline

	UE RX antenna configuration
	4 RX ports 

	System bandwidth
	40 MHz

	Sub-carrier spacing
	30 kHz, 60 kHz

	Channel estimation
	Practical

	Receiver type
	MMSE


4.2 Link level Simulation assumptions for Indoor hot-spot 
This deployment is mainly for factory automation. However, as described in section 3.2.3, the channel model defined in 38.901 may need to be extended to better match industrial facilities characteristic. Similar handling for system level simulation could be used for link level simulation. In case evaluation would be done with possible modified parameters reported by companies for channel model, the simulation settings in Table 7 can be used for indoor hot-spot for factory automation:
Table 7: Link-level simulation assumptions (Indoor hot-spot) 
	Parameter
	Value

	Carrier frequency for evaluation
	4GHz

	Channel model
	Baseline: TDL-A (delay spread: 30ns)  as in 38.901
Note: Companies report the modification of the channel model

	Deployment
	Baseline: Indoor hot-spot as listed in 3GPP 38.802
Note: Companies report the modification of the channel model

	UE speed
	3 km/h, 60 km/h

	BS TX antenna configuration
	2 TX ports, 4 Tx ports

Note: One or more can be simulated 

	BS RX antenna configuration
	4 Rx ports, 8 Rx ports, 16 Rx ports

Note: One or more can be simulated

	UE TX antenna configuration
	1TX port as baseline

	UE RX antenna configuration
	4 RX ports 

	System bandwidth
	40 MHz

	Sub-carrier spacing
	30 kHz, 60 kHz

	Channel estimation
	Practical

	Receiver type
	MMSE


5 Conclusions
The contribution firstly discusses the detailed requirements for the prioritized URLLC use cases, and then discusses the evaluation assumptions and methodology. Based on the discussion, we have the following proposals:

Proposal 1: Take the requirements in Table 1 as the starting point for Rel-16 NR URLLC evaluation with the following assumptions:
· 1 ms core network delay for factory automation 

· 3 ms core network delay for power distribution and transport industry 

Proposal 2: The performance metric for Rel-16 NR URLLC evaluation includes at least the percentage of users satisfying reliability and latency requirements. The target percentage should be 100%. 

Proposal 3: Take the simulation settings in Table 2 as the starting point for Rel-16 NR URLLC system level evaluation for transport industry.  
Proposal 4: Take the simulation settings in Table 4 as the starting point for Rel-16 NR URLLC system level evaluation for electrical power distribution.  
Proposal 5: Take the simulation settings in Table 5 as the starting point for Rel-16 NR URLLC system level evaluation for factory automation.  
Proposal 6: Take the simulation settings in Table 6 and Table 7 as the starting point for Rel-16 NR URLLC link level evaluation.  
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Appendix A 

TR 22.804 and TR 22.886 provide detailed description of transport industry, power distribution and factory automation. Based on the description, the detailed use cases for URLLC can be identified and the corresponding requirements are copied below (note that some use cases without clear definition of the requirement related to reliability and latency are not copied here):   
A.1 Requirements for remote driving (22.886 section 7.2.5)
According to TR 22.886 and TR 37.885, among the use cases for eV2X, the characteristic of remote driving matches URLLC well, and the corresponding requirements defined in 22.886 for remote driving are as below: 

-------------------------------------------------------------------------------------------------------------------------------
 [CPR.R-001]
The 3GPP system shall support user experienced data rate up to 1 Mbps at DL and 20 Mbps at UL for UE supporting V2X application between V2X application server and UE for an absolute speed of up to 250 km/h.
[CPR.R-002]
The 3GPP system shall support ultra-high UL and DL reliability [99.999 or higher] % for UE supporting safety-related V2X application.
[CPR.R-003]
The 3GPP system shall support end-to-end latency 5 ms between V2X application server and UE supporting safety-related V2X application for an absolute speed of up to 250 km/h.
Table 7.2.5-1 Performance requirements for remote driving

	Communication scenario
	Payload (Bytes)
	Max end-to-end
latency

(ms)
	Reliabi-lity (%)
	Data rate (Mbps)
	Communication range (meters)

	Section
#
	Description
	CPR #
	
	
	
	
	

	5.21
	Between a UE supporting V2X application & V2X Application Server.

Driver Control
	[CPR.R-004]
	
	[20]
	[99.999]
	UL: 25

DL: 1
	


-------------------------------------------------------------------------------------------------------------------------------
A.2 Requirements for factory automation and power distribution (Appendix F in 22.804)
In the Appendix F of 22.804, an overview about the characteristics and requirements of the different use cases for Factory Automation is given. URLLC could target for the use cases as below:  

	Use case (Clause #)
	Characteristic parameter (KPI)
	Influence quantity
	Related requirement
	Remark

	
	Communication service availability
	End-to-end latency: target value
	End-to-end latency: jitter
	Service bit rate: user-experienced data rate (note)
	Message size [byte]
	Transfer interval: target value
	Survival time
	UE speed
	# of UEs
	Service area
	
	

	5.3.2
	99,9999% to 99,999999%
	< transfer interval
	
	 
	40
	1 ms 
	1 ms
	≤ 20 m/s
	≤ 50
	 
	Factories of the Future 2.1, 2., 2.8, 2.10
	Motion control; cyclic interaction

	5.3.2
	99,9999% to 99,999999%
	< transfer interval
	
	 
	50
	0,5 ms 
	0,5 ms
	≤ 20 m/s
	≤ 20
	 
	Factories of the Future 2.2, 2.8, 2.10
	Motion control; cyclic interaction

	5.3.2
	99,9999% to 99,999999%
	< transfer interval 
	
	 
	20
	2 ms 
	2 ms
	≤ 20 m/s
	≤ 100
	 
	Factories of the Future 2.3, 2.8, 2.10
	Motion control; cyclic interaction

	5.3.5
	99,9999% to 99,999999%
	< transfer interval 
	
	 
	1 k
	≤ 4 ms 
	 
	 
	5 to 10
	 
	Factories of the Future 5.1, 5.3, 5.6
	Control-to-control communication (motion subsystems); cyclic interaction; in the future up to 100 UEs. 

	5.3.7
	> 99,9999%
	< transfer interval 
	< 50% of transfer interval
	 
	40 to 250
	1 ms 
	1 ms
	≤ 14 m/s
	≤ 100
	≤ 1 km2 
	Factories of the Future 7.1, 7.6
	Mobile robots; cooperative robotic motion control; cyclic interaction

	5.3.7
	> 99,9999%
	< transfer interval 
	< 50% of transfer interval
	 
	40 to 250
	1 ms to 10 ms 
	1 ms to 10 ms
	≤ 14 m/s
	≤ 100
	≤ 1 km2 
	Factories of the Future 7.1, 7.6
	Mobile robots; machine control; cyclic interaction

	5.3.7
	> 99,9999%
	< transfer interval 
	< 50% of transfer interval
	 
	40 to 250
	1 ms to 50 ms 
	1 ms to 50 ms
	≤ 14 m/s
	≤ 100
	≤ 1 km2 
	Factories of the Future 7.1, 7.6
	Mobile robots; cooperative driving; cyclic interaction

	5.3.7
	> 99,9999%
	< transfer interval 
	< 50% of transfer interval
	 
	40 to 250
	10 ms to 100 ms 
	10 ms to 100 ms
	≤ 14 m/s
	≤ 100
	≤ 1 km2 
	Factories of the Future 7.1, 7.6
	Mobile robots; video-operated remote control; cyclic interaction

	5.3.7
	> 99,9999%
	< transfer interval 
	< 50% of transfer interval
	 
	15 k to 250 k
	40 ms to 500 ms 
	40 ms to 500 ms
	≤ 14 m/s
	≤ 100
	≤ 1 km2 
	Factories of the Future 7.1, 7.6
	Mobile robots; video-operated remote control; standard mobile robot operation and traffic management; cyclic interaction

	5.3.8
	> 99,9999%
	≤ 10 ms
	
	≤ 100 Mbit/s
	 
	 
	 
	 
	 
	 
	Factories of the Future 8.2, 8.10, 8.11
	Massive wireless sensor networks; connection density up to 1/m2; normally, all connected devices are not sending or receiving messages at the same time.

	5.6.4
	≥ 99,9999%
	< 5 ms
	
	 
	 
	 
	 
	 
	 
	 
	Electric Power Distribution 3.1, 3.2
	Power distribution grid fault and outage management: distributed automated switching for isolation and service restoration for overhead lines; peer-to-peer (here: UE to UE)

	5.6.5
	≥ 99,9999%
	< 10 ms
	
	 
	 
	 
	 
	 
	 
	 
	Electric Power Distribution 4.2, 4.3
	Smart Grid: synchronicity between the entities

	5.6.6
	
	< transfer interval 
	< 50% of transfer interval
	
	250
	0,8 ms 
	
	
	
	
	Electric Power Distribution 5.1, 5.2, 5.4
	Differential protection; peer-to-peer communication

	5.6.6
	
	< 15 ms
	
	
	
	
	
	
	
	
	Electric Power Distribution 5.3
	Differential protection; peer-to-peer communication

	NOTE: if not stated otherwise per instantiated communication service


