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1. Introduction
In the RAN1 #94b meeting, the representative use cases for selection for Rel.16 URLLC evaluation were agreed [1]:
	Agreements:
· Take the following table as the table of representative use cases for selection for Rel-16 NR URLLC evaluation.
	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	Data packet size and traffic model
	Description 

	Power distribution
(22.804:5.6.4 &5.6.6)
	99.9999
	5(end to end latency)

Note: 2-3 ms air interface latency 
	DL & UL:
100 bytes 

ftp model 3 with arrival interval 100 ms
	Power distribution grid fault and outage management 

	
	99.999 
	15(end to end latency)

Note: 6-7 ms air interface latency
	DL & UL:
250 bytes  
Periodic and deterministic with arrival interval 0.833 ms

Random offset between UEs 
	Differential protection

	Factory automation

	99.9999
	2(end to end latency)

Note: 1 ms air interface latency 
	DL & UL:
32 bytes
Periodic deterministic traffic model with data arrival interval 2 ms

	Motion control

	
	
	
	
	

	Rel-15 enabled use case (e.g. AR/VR)  
	99.999 
	1ms (air interface delay) for 32 bytes

1 ms and 4 ms (air interface delay) for 200 bytes 
	DL & UL:
32 and 200 bytes 

FTP model 3 or periodic with different arrival rates
	

	
	99.9
	7ms (air interface delay)
	DL & UL:
4096, 10 K
FTP model 3 or periodic with different arrival rates
	

	Transport Industry
(22.186: 5.5)
	99.999
	5 (end to end latency)

Note: 3ms air interface latency 
	For UL: 
2.5 Mpbs; Packet size 5220 bytes
For DL: 
1Mbps; Packet size 2083 bytes

Note: Data arrival rate 60 packets per second for periodic traffic model
	Remote driving 


	Transport Industry
(23.501, 22.261)
	99.999
	10(end to end latency)
Note: 7ms air interface latency
	UL&DL: 
1.1 Mbps, Packet size 1370 bytes 

Note: Data arrival rate 100 packets per second for periodic traffic model
	Intelligent transport system (ITS)


· Note: The above packet size already includes header overhead.
· FFS whether or not to additionally simulate aperiodic traffic model for factor automation, and if so, details (latency, packet sizes, etc.)
· FFS whether or not to additionally simulate the case of transport industry, and if so, detailed parameters
· Note: UL and DL simulation is independent



In this contribution, we present some preliminary simulation results for factory automation and Rel.15 enabled use case. 
2. Discussion
2.1 Factory automation
Simulation assumptions

In this section, we present some preliminary evaluation results for factory automation scenario. The detailed simulation assumptions are given in Appendix-I. Specifically, 30GHz carrier frequency and TDD duplex mode are considered. For TDD, the TDD UL/DL configuration as shown in Fig.1 is assumed. The periodic and deterministic traffic model with 2ms arrival interval is assumed. And UEs are randomly divided into 8 groups. And data for UEs in a group will arrive simultaneously. Data for UEs in different groups will arrive in a predefined manner as shown in Fig.2 where UEG means user group.
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Fig.1 TDD UL/DL configuration
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Fig.2 packet offset across different UEs

Preliminary evaluation results
The DL and UL latency performance is given in Fig.3, Fig.4, Fig.5 and Fig.6. Fig.3 and Fig.5 show the complementary cumulative distribution function of the one-way RAN latency for all UEs’ DL packets and UL packets respectively. It can be observed that with 5 UEs per cell, the 1ms one-way RAN latency cannot be satisfied. This is mainly caused by the proportional fair scheduler under which UEs with good channel condition will be scheduled often while UEs with bad channel condition has less chance to be scheduled. Fig.4 and Fig.6 show the complementary cumulative distribution function of one-way RAN latency for each UE’s packet. The performance and corresponding resource utilization is summarized in Table 1.
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Fig.3 CCDF of delay for all UEs’ DL packets     Fig.4 CCDF of delay for each UE’s DL packets
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Fig.5 CCDF of delay for all UEs’ UL packets     Fig.6 CCDF of delay for each UE’s UL packets

Table 1. Summary of performance for the Factory Automation scenario.
	
	Traffic periodicity (offered load per cell)
	PRB utilization [%] 
	[%] UEs in outage*

	DL
	2 ms (7.12 Mbps)
	62.3%
	53.8%

	UL
	2ms (6.95Mbps)
	65.9%
	68.3%

	
	*Percentage of UEs that do not fulfil the requirements for Factory automation. Reliability per UE is measured at the 99.99%-th percentile due to limited number of samples.


Observation 1:
· With proportional fair scheduler, with more than 50% probability, the 1ms air interface latency and 99.9999% reliability requirement for factory automation with 5UEs per cell cannot be fulfilled for a UE.

Fig.7, Fig.8 show the DL latency performance for 1 UE per cell with wideband proportional fair (PF) scheduler. The performance and corresponding resource utilization is summarized in Table 2. From the results, it can be observed that for PF scheduler, even only one UE per cell, the one-way RAN latency requirement for URLLC cannot be satisfied. 
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Fig.7 CCDF of delay for all UEs’ DL packets     Fig.8 CCDF of delay for each UE’s DL packets

Table.2 Summary of performance for the Factory Automation scenario
	
	Traffic periodicity (offered load per cell)
	PRB utilization [%] 
	[%] UEs in outage*

	PF scheduler
	2 ms (2.0Mbps)
	12.5%
	1.67%

	
	*Percentage of UEs that do not fulfil the requirements for Factory automation. Reliability per UE is measured at the 99.99%-th percentile due to limited number of samples.



Fig.9 and Fig.10 show the DL latency performance for 1 UE per cell with wideband round robin (RR) scheduler. 
The performance and corresponding resource utilization is summarized in Table 3. It can be observed that for wideband RR scheduler, the one-way RAN latency requirement for URLLC can be always satisfied for one UE per cell. 
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Fig.9 CCDF of delay for all UEs’ DL packets     Fig.10 CCDF of delay for each UE’s DL packets


Table.3 Summary of performance for the Factory Automation scenario
	
	Traffic periodicity (offered load per cell)
	PRB utilization [%] 
	[%] UEs in outage*

	RR scheduler
	2ms (2.0 Mbps)
	12.6%
	0%

	
	*Percentage of UEs that do not fulfil the requirements for Factory automation. Reliability per UE is measured at the 99.99%-th percentile due to limited number of samples.


Observation 2:
· With wideband PF scheduler, with more than 1.6% probability, the 1ms air interface latency and 99.9999% reliability requirement for factory automation with 1 UE per cell cannot be fulfilled for a UE.
· With wideband RR scheduler, with 100% probability, the 1ms air interface latency and 99.9999% reliability requirement for factory automation with 1 UE per cell can be fulfilled.

2.2 Rel.15 enabled use case
Simulation assumptions

In this section, we present some preliminary evaluation results for Rel.15 enabled use case. The detailed simulation assumptions are given in Appendix-II. Specifically, 4GHz carrier frequency and TDD duplex mode are considered. For TDD, the TDD UL/DL configuration as shown in Fig.11 is assumed. FTP model 3 and packet size of 4096 bytes is assumed in this evaluation. To evaluate the URLLC capacity, in our simulation, the number of UEs per cell is fixed to 5 and different traffic arrival rates are considered to find the URLLC capacity.

[image: ]
Fig.11 TDD UL/DL configuration

Preliminary evaluation results

Table.4 and table.5 show the DL and UL performance under different traffic arrival rates, respectively. For both DL and UL, with the increase of traffic arrival rate the percentage of UEs in outage is increased and the offered cell load per cell is reduced. It can be observed that for 5 UEs per cell, with the given arrival rate, the requirements for Rel.15 enabled use case with large packet size, e.g., 4096bytes cannot be satisfied. 

Table.4 DL performance for Rel.15 enabled use case
	Arriving rate
	Offered load per cell [Mbps]
	PRB Utilization [%]
	[%] UEs in outage*

	0.1
	268.56
	27.9 %
	61.5%

	0.05
	294.23
	13.4 %
	24.3%

	0.025
	306.7
	6.61 %
	13.0%



Table.5 UL performance for Rel.15 enabled use case
	Arriving rate
	Offered load per cell [Mbps]
	PRB Utilization [%]
	[%] UEs in outage*

	0.1
	263.0
	28.3 %
	76.3%

	0.05
	286.4
	13.8 %
	18.8%

	0.025
	305.7
	6.62 %
	1.67%



Observation 3:
· For Rel.15 enabled use case with large packet size, e.g., 4096 bytes, under the arrival rate 0.1, 0.05, 0.025, with high probabilities, the 7ms latency and 99.9% reliability requirement with 5 UEs per cell cannot be fulfilled.

3. Conclusion
In this contribution, we present some preliminary system-level evaluation results for URLLC and following is the observations:
Observation 1:
· With proportional fair scheduler, with more than 50% probability, the 1ms air interface latency and 99.9999% reliability requirement for factory automation with 5UEs per cell cannot be fulfilled for a UE.
Observation 2:
· With wideband PF scheduler, with more than 1.6% probability, the 1ms air interface latency and 99.9999% reliability requirement for factory automation with 1 UE per cell cannot be fulfilled for a UE.
· With wideband RR scheduler, with 100% probability, the 1ms air interface latency and 99.9999% reliability requirement for factory automation with 1 UE per cell can be fulfilled.
Observation 3:
· For Rel.15 enabled use case with large packet size, e.g., 4096 bytes, under the arrival rate 0.1, 0.05, 0.025, with high probabilities, the 7ms latency and 99.9% reliability requirement with 5 UEs per cell cannot be fulfilled.
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Appendix I
Simulation assumptions for indoor hot-spot factory automation
	Parameters
	Values

	Carrier frequency
	30GHz

	Simulation bandwidth 
	160MHz

	SCS 
	120kHz

	BS antenna configurations
	2 TX/Rx antenna ports
(M, N, P, Mg, Ng; Mp, Np)=(4,4,2,1,1; 1,1)
dH = dV = 0.5 λ

	
	

	
	

	BS receiver noise figure
	7dB as defined in TR 38.802

	UE antenna configuration
	2 Tx/Rx antenna ports
(M, N, P, Mg, Ng; Mp, Np) = (2, 4, 2, 1, 2; 1,1), (dH,dV)=(0.5,0.5)λ
Static panel selection

	
	

	UE antenna gain
	5dBi

	UE receiver noise figure
	10dB

	BS Tx power
	23dBm for 80MHz bandwidth

	Channel model
	5GCM office for 30 GHz

	Layout
	Single layer as defined in 38.802
Indoor floor: 12 BSs per 120 m x 50 m

	Number of UEs per cell
	1, 5

	Inter-BS distance
	20m

	BS antenna height
	10m

	UE Tx power
	23dBm

	BS antenna element gain + connector loss
	5dBi 

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

	BS receiver
	MMSE-IRC as the baseline receiver

	UE distribution
	100% of users are indoor: 3 km/h 

	UE power control
	Open-loop power control. 

	HARQ/repetition
	Asynchronous HARQ with n+3 HARQ feedback timing

	Channel estimation
	Realistic


Appendix II

Simulation assumptions for Rel.15 enabled use case
	Parameters
	Values

	Carrier frequency
	4 GHz

	Simulation bandwidth 
	40 MHz

	SCS 
	30 kHz

	BS antenna configurations
	4 Tx/4 Rx antenna ports dH = dV = 0.5 λ
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) 

	BS receiver noise figure
	5dB

	UE antenna configuration
	2Tx antenna ports and 4 Rx antenna ports
Panel model 1: Mg = 1, Ng = 1, P = 2, dH = 0.5
For 4 Rx: (M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) For 2 Tx: (M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1)

	UE antenna gain
	0dBi as starting point

	UE receiver noise figure
	9dB

	BS Tx power
	24 dBm for 20 MHz bandwidth 

	Channel model
	ITU InH for 4 GHz

	Layout
	Single layer as defined in 38.802
Indoor floor: 12 BSs per 120 m x 50 m

	Number of UEs per cell
	5

	Inter-BS distance
	20m

	BS antenna height
	3m

	UE Tx power
	23 dBm

	BS antenna element gain + connector loss
	5dBi

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

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

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

	UE power control
	Open-loop power control 

	HARQ/repetition
	Asynchronous HARQ with n+3 HARQ feedback timing

	Channel estimation
	Realistic
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