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1 Introduction
The following link level simulation methods are applied to evaluate reliability of URLLC [1]:
· For one drop, sufficient number of packets will be generated according to the traffic model. And user bandwidth B Hz, and an average SNR 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. 

· 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.

· Reliability R (L’,Q, SE)= N/M, where N is the successfully received number of packets within the latency boundary L’, and M is the total number of packets generated in the simulation. 
In this contribution, some initial link level simulation results for the reliability of URLLC is present based on the agreed simulation assumptions.
2 Simulation assumptions
Table 1 lists the simulation assumptions used in the link level simulations.

Table 1 Simulation assumptions
	Attributes 
	Values or assumptions 

	Carrier Frequency 
	700MHz, 4GHz

	System Bandwidth
	80MHz

	User bandwidth 
	As shown in Table-2

	PHY Packet size 
	50 byte, 

	Traffic model
	Periodically (1ms)

	Latency bound 
	 1ms, at most 1/2/4 transmission within 1ms is assumed.

	Modulation and coding rate 
	QPSK, 16QAM

	Coding Rate
	1/3, 1/6

	SINR range 
	See in the simulation Table-3 

	Sub-carrier spacing 
	60kHz

	TTI length 
	0.125ms

	OFDM symbols per TTI 
	7

	OFDM symbols for data
	5

	Channel model 
	TDL-A, Indoor and short delay spread is assumed, 3km/h

	BS antenna configuration 
	2Tx, SFBC is applied as the multi-antenna transmission scheme.

	UE antenna elements 
	4Rx

	ACK Feedback assumption 
	Ideal as start point 

	Channel estimation 
	Ideal as start point 

	CQI feedback assumption 
	No


In the simulation, the system bandwidth is set to 80 MHz corresponding to 100 PRBs with the subcarrier spacing of 60 kHz. And the user bandwidth is set according to the packet size, modulation, coding rate and the number of OFDM symbols used for data, as shown in Table 2. And the number of packets in each drop is calculated assuming the whole system bandwidth can be used for URLLC.
Table 2: Number of PRBs and Number of Packets for different MCS (Packet size = 50 bytes)

	
	Number of PRBs for each packet
	Number of Packets X

	
	QPSK
	16QAM
	QPSK
	16QAM

	Code rate=1/3
	11
	6
	9 (=ceil(100/11))
	16 (=ceil(100/6))

	Code rate = 1/6
	22
	11
	4 (=ceil(100/22))
	9 (=ceil(100/11))


3 Simulation results

In the simulation, for each drop, X packets is generated with the periodicity of 1ms, X is set as in Table 2. User bandwidth B Hz (as shown in Table 2 in the form of number of PRBs), and an average SNR Q will be set. A maximum transmission number K including initial transmission and retransmission is also set for HARQ within 1ms. For one data packet, if it is successfully received within K times, this packet is regarded as successfully received. Otherwise, this packet is regarded as failed. The simulation results are shown in Table 3 and Table 4.
Table 3: Simulation results for URLLC (Frequency=700MHz)
	CR
	Mod
	K
	Q
	R
	1Tr
	2Tr
	3Tr
	4Tr
	Failed
	Total

	1/3
	QPSK
	1
	8
	1
	5000004(100%)
	
	
	
	0
	5000004

	1/3
	QPSK
	2
	5
	1
	4999805(99.99%)
	109
	
	
	0
	5000004

	1/3
	QPSK
	4
	2
	1
	4987420(99.74%)
	12356
	220
	8
	0
	5000004

	1/6
	QPSK
	1
	5
	1
	5000000(100%)
	
	
	
	0
	5000000

	1/6
	QPSK
	2
	2
	1
	4999991(99.99%)
	9
	
	
	0
	5000000

	1/6
	QPSK
	4
	-1
	1
	4997441(99.94%)
	2556
	3
	
	0
	5000000

	1/3
	16QAM
	1
	11
	0.9998892
	4999446(99.98%)
	
	
	
	554
	5000000

	1/3
	16QAM
	2
	8
	0.9999908
	4988264(99.76)
	11687
	
	
	46
	5000000

	1/3
	16QAM
	4
	5
	0.9999976
	4929737(98.59%)
	69388
	788
	75
	12
	5000000

	1/6
	16QAM
	1
	8
	0.9999798
	4999903(99.99%)
	
	
	
	101
	5000004

	1/6
	16QAM
	2
	5
	1
	4996015(99.92%)
	3989
	
	
	0
	5000004

	1/6
	16QAM
	4
	2
	0.9999876
	4892152(97.84%)
	106175
	1399
	216
	62
	5000004


Table-4: Simulation results for URLLC (Frequency=4GHz)

	CR
	Mod
	K
	Q
	R
	1Tr
	2Tr
	3Tr
	4Tr
	Failed
	Total

	1/3
	16QAM
	1
	12
	0.9999942
	4999971(99.99%)
	
	
	
	29
	5000000

	1/3
	16QAM
	2
	8
	0.999999
	4994859(99.89%)
	5136
	
	
	5
	5000000

	1/3
	16QAM
	4
	6
	0.9999976
	4947133(98.94%)
	52482
	353
	24
	8
	5000000

	1/6
	16QAM
	1
	9
	1
	5000004(100%)
	
	
	
	0
	5000004

	1/6
	16QAM
	2
	5
	0.999999
	4997884(99.95)
	2115
	
	
	5
	5000004

	1/6
	16QAM
	4
	2.5
	0.9999992
	4964925(99.29%)
	34913
	149
	13
	4
	5000004


From the simulation results, we can observe that:
· The reliability of 1st transmission plays a key role for URLLC. Most of case will need above 99% successful transmission. Considering other margins, the successful 1st transmission for URLLC operating should be set as not lower than 99%, i.e., that target BLER for 1st transmission should not higher than 1%. 
· For the same spectrum efficiency, the performance of QPSK is better than 16QAM. Low order modulation is more preferred for URLLC.

4 Conclusion

This contribution gives some initial link level simulation results for URLLC. From the simulation results we can find that:
· The reliability of 1st transmission plays a key role for URLLC. Most of case will need above 99% successful transmission. Considering other margins, the successful 1st transmission for URLLC operating should be set as not lower than 99%, i.e., that target BLER for 1st transmission should not higher than 1%. 

· For the same spectrum efficiency, the performance of QPSK is better than 16QAM. Low order modulation is more preferred for URLLC.
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