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Introduction
In this paper we assume the following URLLC requirements: 
Reliability: 
Latency: 1ms
and evaluate the system level performance for periodic small packets in DL.
Simulation setup
The simulation was performed on 700 MHz band, but otherwise we followed the assumptions in 38.802 [1]. The simulation setup is summarized in the table below. 
	Numerology 
	[bookmark: _GoBack]7000 TTIs/sec, 4 OFDM/TTI

	Duplex
	FDD

	Propagation
	SCM 3D urban macro, wrap-around

	Carrier frequency/bandwidth
	700 MHz, 20 MHz (50 PRBs)

	Deployment
	Hexagonal Grid, One 3-sector site 

	BS TX power
	46 dBm

	UE TX power 
	23 dBm

	ISD 
	500 m 

	BS antenna configuration
	8 TX/RX, 2x2 X-pol antenna array, separation = 0.5 lambda, height = 25 m

	UE antenna configuration
	1 TX, 4 RX, 1x2 X-pol, 

	PDCCH 
	1 symbol (symbol #0), 6 REGs/CCE, 1/3 DMRS overhead

	PDSCH
	3 symbols (symbol #1-#3), DMRS: 6 RE per PRB 

	Short PUCCH
	1 symbol (symbol #3)

	PUSCH
	3 symbols (symbol #0-#2), not frequency-multiplexed with PUCCH, DMRS:  In symbol #0. 

	Traffic model 
	Periodic packets of size 32 B on application level. Both DL and UL traffic. TBS comprises overhead for PDCP, RLC UM and MAC

	UE distribution 
	No eMBB traffic 
20% outdoor: 30 km/h
80% indoor: 3 km/h
30 UEs in 3 sectors, i.e. on average 10 UE per sector

	Mobility 
	Multi-path only (no macro mobility)

	BS receiver 
	MMSE-IRC

	UE receiver 
	MMSE-IRC

	CSI
	A-periodic CSI, targeting every 5th TTI, R-14 8-port codebook

	Impairments 
	Ideal channel estimation


   
The used timing relating to downlink is according to the table below. 
	DL data arrive  DL data assignment 
	4 OFDM 

	DL data  HARQ-ACK
	3 OFDM

	NACK  DL retransmission
	4 OFDM



The HARQ RTT is hence n+3 and within 1ms delay budget there is time to perform one retransmission.    
[bookmark: _Ref498327392] Simulation results 
The system performance in terms of the fraction of URLLC UEs that fulfil the URLLC requirements ( reliablity and 1ms latency) is evaluated with respect to offered load (number of 32B packets per second and UE).  The simulation result is shown in Figure 1 below.  
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[bookmark: _Ref498325428]Figure 1: Downlink URLLC performance. The bars indicate 95% confidence interval.
We see that with a 5% outage limit the URLLC capacity is approximately 420 32B packets per second and UE. Since there are, on average, 10 UEs per sector (cell), approximately 1.08 Mbps offered URLLC cell load is achievable with fulfilled URLLC requirements assuming a 5% outage limit. 

Observation 1 On a 20 MHz carrier on 700 MHz band with 30 kHz SCS, approximately 1.08 Mbps offered URLLC cell load is achievable with fulfilled URLLC requirements assuming a 5% outage limit.  

It should be noted that both DL and UL URLLC traffic is active. Hence, UL grants will compete with DL assignments for PDCCH resources. With pure DL traffic the achievable offered load may hence be higher.  
Figure 2 below shows a histogram of number of CCEs per PDCCH.  
[image: ]
[bookmark: _Ref498589876]Figure 2: Histogram of number of CCEs per PDCCH
We can see that with increased offered load on PDCCH the number of used CCEs increases. This will cause link adaption to select higher aggregation level due to increased interference on PDCCH. At 400 packets/sec/UE offered load, approximately 83% of the PDCCH transmissions use maximum aggregation level. Since the carrier bandwidth consists of 50 PRB and PDCCH REGs/CCE is 6, then if a UL grant or DL assignment uses 8 CCEs no more UL grants or DL assignments can be scheduled on PDCCH. Furthermore, since there are on average 10 UE per cell with both DL and UL traffic the 400 packets/sec/UE offered load means that 8000 assignments/grants per cell and second need to be allocated on PDCCH. Since there are 7000 TTI/sec we can conclude that the DL URLLC performance is likely limited by PDCCH. We hence make the following observation. 

Observation 2 PDCCH may be a bottleneck for DL URLLC performance.
Conclusion
In Section 3 we made to following observation. 

Observation 1 On a 20 MHz carrier on 700 MHz band with 30 kHz SCS, approximately 1.08 Mbps offered URLLC cell load is achievable with fulfilled URLLC requirements assuming a 5% outage limit.  

Observation 2 PDCCH may be a bottleneck for DL URLLC performance.
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