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1 Introduction
In the TSG-RAN#80 plenary meeting [1], the scope of the new SID on physical layer enhancements for NR URLLC was defined for Release 16 (R16). The detailed requirements for defined use cases as well as the simulation assumptions have been agreed and are captured in [2]. 
In this contribution, we present DL system level evaluation results for the factory automation use case. The simulation assumptions are taken from [2] and other parameters not described therein can be found in Appendix A. 
2 Discussion
For motion control, the requirement is as listed in Table 1.

Table 1: Requirement for factory automation case

	Use-case
	Reliability
	Latency
	Data packet size and traffic model

	Factory automation:

Motion control
	99.9999 (%)
	2ms for end-to-end
1ms for air-interface
	DL & UL: 32 bytes

Periodic and deterministic traffic model with data arrival interval 2ms


In the simulation, UEs are divided into two equal groups. Packet arrival is synchronized for UEs within the same group, whereas the packet arrival for the two groups is offset by half a period. With 1ms latency limitation, we assume the PDSCH periodicity is 2 OS as shown in Figure 1 and 1 HARQ retransmission is permitted. 7 PDCCH monitoring occasions are assumed. The latency calculation method can be referred to [3].
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Figure 1: 2 OS PDSCH periodicity

Since the PDSCH overlaps with a 1 symbol CORESET as shown in Figure 1, we approximate the utilized PDCCH overhead based on the DL geometry distribution and the PDCCH BLER performance. This comes to roughly 4 CCEs on average. 
Simulation results
DL geometry and coupling loss is shown in Appendix B for calibration purpose. 
For the performance metric we select Option 1 in [2], i.e. the percentage of users satisfying reliability and latency requirements. A total of 1.6 million packets were simulated and the percentage of UEs satisfying the 1ms latency bound is shown in Table 2 for a target reliability of 10-5. In addition we provide the resource utilization.
Table 1 Performance result for factory automation
	Number of UEs in cell
	Target reliability
	Latency bound 
	UEs satisfying requirements
	Resource utilization

	10
	99.999%
	1 ms
	100 %
	12 %


Observation 1: For factory automation in 4 GHz FDD system with 10 UEs per cell and 40 MHz bandwidth, about 100% UEs could achieve 1 ms latency and 99.999% reliability in the downlink.
3 Conclusions 
In this contribution, simulation results for motion control in factory automation are presented to establish a baseline performance. We have the following observation,
Observation 1: For factory automation in 4 GHz FDD system with 10 UEs per cell and 40 MHz bandwidth, about 100% UEs could achieve 1 ms latency and 99.9999% reliability in the downlink.
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Appendix A
Table A Simulation assumptions for Factory Automation in Indoor deployment
	Parameters
	Value

	Layout
	Single layer as defined in 38.802

Indoor floor: 12 BSs per 120 m x 50 m

	Inter-BS distance
	20 m

	Carrier frequency
	4 GHz

	Simulation bandwidth
	40 MHz

	SCS
	30 kHz 

	PDSCH periodicity
	2 OS

	Channel model
	ITU InH for 4 GHz (Channel model B)

	Transmit power per TRP
	24 dBm for 20 MHz bandwidth

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

	BS antenna height
	10 m

	BS antenna element gain + connector loss
	5 dBi

	BS receiver noise figure
	5 dB

	UE Tx power
	23 dBm

	UE antenna height
	1.5m

	UE antenna config.
	4 Rx antenna ports
 (M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2)

dH = dV = 0.5 λ

	UE antenna gain
	0 dBi

	UE receiver noise figure
	9 dB

	UE distribution
	100% of users are indoors 
Use 3km/h for modeling fading channel

	Number of UEs per cell
	10 UEs per cell uniformly distributed in the indoor area divided into 2 groups;

	HARQ/repetition
	Adaptive HARQ retransmission

	Channel estimation
	Ideal

	BS receiver
	MMSE-IRC

	Overhead
	35% overhead including control and DMRS

	CSI
	CQI and PMI, reported every 5 ms; 1 ms processing delay at gNB. Subband size of 8 PRBs

	UE deployment
	100% indoor randomly and uniformly distributed over the area; 3 km/h semi-static mobility.

	Traffic model
	Periodic traffic with 32 Byte payload and 2 ms traffic periodicity; 

Latency boundary 1ms.


Appendix B
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