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Introduction
[bookmark: _Ref178064866]Factory automation is one of the main use cases considered for Rel. 16 eURLLC SI [1]. In order to check a performance the current Rel-15 NR system can guarantee for this use case, we provide system level simulation results, which are based on the assumption in [2] with additional adjustment to appropriately capture relevant deployment. The results show that it is possible to achieve reliability target with existing NR Rel. 15 design with certain number of users per cell. 
Discussion
According to [2], requirements for factory automation use cases are given in Table 1 below.

Table 1: Assumption of reliability requirement for factory automation use case
	Factory automation requirement

	99.9999% PHY reliability
	1 ms PHY one-way latency
	DL & UL:
32 bytes
Periodic deterministic traffic model with data arrival interval 2 ms 



We note that reliability requirement of 99.9999% at PHY layer assumes that higher layer mechanisms like PDCP duplication are not available. On the other hand, for deployments that have higher layer mechanisms like PDCP duplication, physical layer reliability requirement can be relaxed. 
With this requirement in mind, we evaluate reliability performance of URLLC for factory automation using the system level simulations. For calibration purposes we obtain SINR distribution from a system level simulation. In our simulations we follow methodology defined in [2].

Additional assumptions and link level results
For system level simulations in addition to Table A-1 in appendix we use the following assumptions:
· PDCCH is allocated in OFDM-symbols 0,5 and 10 in every slot;
· PUCCH periodicity for SR is 2os;
· PUCCH for HARQ-ACK has only one occasion per slot;
· For traffic:
· Starting point of data arrival time is randomized within a slot between different seeds;
· Data arrives in all UEs simultaneously assuming perfect synchronization between UEs;
· PDCCH and PUCCH channels are assumed ideal.
· Scheduler targets to one-shot transmissions with target BLER 10-6, while 1 more retransmission is allowed.
In our simulations we follow methodology to report performance according to Option 1 (Section 5.1 in [2]).
In addition, based on link level simulation assumption in Table A-2 in the appendix, we present BLER performances of PDCCH and PDSCH.
For PDCCH, we consider DCI size =40 bits excluding CRC, AL 4,8,16, and 1os CORESET duration. PDCCH BLER for different AL are given in Fig. A-1.
For data channels, we consider TBS = 256 bits (=32 bytes), transmission duration of 4 OFDM symbols with 1 DMRS symbol overhead. PDSCH/PUSCH BLER for different MCSs supported within 40 MHz BW (e.g., MCS1 to MCS6 from Table 5.1.3.1-3 [3]) are given in Fig. A-2.

Simulation results
We simulated factory automation scenario with different number of users per cell and with randomization of data arrival time. It can be noted, that depending on when data arrives within the slot, the packets can be transmitted in different mini-slots
	Num. of UEs per cell
	10
	15
	20
	25
	30
	35
	40

	
	UE%
	RU%
	UE%
	RU%
	UE%
	RU%
	UE%
	RU%
	UE%
	RU%
	UE%
	RU%
	UE%
	RU%

	DL
	100
	6.09
	100
	9.17
	100
	12.24
	99.99
	15.28
	99.90
	18.34
	99.53
	21.37
	98.34
	24.38

	UL SR-based
	99.75
	6.93
	98.54
	10.42
	93.24
	13.91
	81.24
	17.37
	68.55
	20.85
	58.95
	24.31
	51.67
	27.74

	UL CG
	100
	6.93
	100
	10.42
	99.99
	13.91
	99.88
	17.37
	99.36
	20.86
	97.73
	24.31
	93.94
	27.74



[bookmark: _Toc1149121][bookmark: _Toc1149122][bookmark: _Toc1149123][bookmark: _Toc1149124][bookmark: _Toc1149125][bookmark: _Toc1149126][bookmark: _Toc1149127][bookmark: _Toc1149128][bookmark: _Toc1149129][bookmark: _Toc1149130][bookmark: _Toc1149131][bookmark: _Toc1149132][bookmark: _Toc1149133][bookmark: _Toc1149134][bookmark: _Toc528935153][bookmark: _Toc528946526][bookmark: _Toc1149135][bookmark: _Toc525818719][bookmark: _Toc525834324][bookmark: _Toc525926878][bookmark: _Toc528920813][bookmark: _Toc528935074][bookmark: _Toc528935086][bookmark: _Toc528935154][bookmark: _Toc528946527][bookmark: _Toc534911824]It is possible to have less than 1% of UEs in outage in DL and UL with 4os duration in a FDD configuration with 30 kHz SCS within 1 ms one-way latency having up to 30UEs/cell.
[bookmark: _Toc525818720][bookmark: _Toc525834325][bookmark: _Toc525926879][bookmark: _Toc528920814][bookmark: _Toc528935075][bookmark: _Toc528935087][bookmark: _Toc528935155][bookmark: _Toc528946528][bookmark: _Toc534911825][bookmark: _Toc1149136]Reliability requirement of 99.9999% within 1 ms one-way latency for factory automation can be achieved with several transmission configurations.

Conclusion
In section 2 we made the following observations:
Observation 1	It is possible to have less than 1% of UEs in outage in DL and UL with 4os duration in a FDD configuration with 30 kHz SCS within 1 ms one-way latency having up to 30UEs/cell.
Observation 2	Reliability requirement of 99.9999% within 1 ms one-way latency for factory automation can be achieved with several transmission configurations.
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Appendix A
[image: ]
[bookmark: _GoBack]Figure A-1: PDCCH BLER for different AL


[image: ]
Figure A-2: PDSCH/PUSCH BLER (single transmission) for different MCSs

Appendix B
[bookmark: _Ref477421090]Table A-1: System level simulation assumption
	Parameters
	Value

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

	Inter-BS distance
	20m

	Carrier frequency
	4 GHz

	Channel model 
	Modified Indoor Hotspot LOS model with blockers
3GPP TR 38.901 where extra blockage loss is added on top of the InH LoS loss
(see e.g., Fig. A-1 and [5])

	UE Tx power
	23dBm

	BS antenna configurations
	16Tx/16Rx antenna ports (M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 1, 8), dH = dV = 0.5 λ 

	BS antenna height
	10m

	BS antenna element gain + connector loss
	5 dBi

	BS receiver noise figure
	5dB

	UE antenna configuration
	2 Tx/4 Rx antenna ports

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


	UE antenna gain
	3dBi 

	UE receiver noise figure
	9 dB

	BS Tx power
	24 dBm per 20 MHz

	Simulation bandwidth 
	40 MHz 

	Duplex mode
	FDD

	SCS 
	30 kHz

	UE distribution
	100% of users are indoor

	Traffic
	1. Periodic deterministic traffic model with data arrival interval 2 ms, 32B TBS on Physical layer.



Table A-2: Link level simulation assumption
	Parameter
	Value

	Carrier frequency for evaluation
	4GHz

	Channel model
	TDL-D 30ns


	Deployment
	Modified indoor hot-spot with blockers 

	UE speed
	3 km/h

	BS TX antenna configuration
	2 Tx ports

	UE RX antenna configuration
	4 RX ports 

	System bandwidth
	40 MHz

	Sub-carrier spacing
	30 kHz  

	Channel estimation
	Practical

	Receiver type	
	MMSE


[image: ]
Figure A-3 Modified indoor layout of factory hall with blockers
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