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Introduction
During previous meetings, the simulation assumptions for eURLLC in Rel-16 have been finalized [1][2][3]. As depicted in Table 1, both 4 GHz and 30 GHz carrier frequencies should be considered for factory automation scenario.
[bookmark: _Ref27036]Table 1 Scenarios and corresponding carrier frequencies for SLS
	Scenario
	Carrier frequency for SLS

	Power distribution
	700 MHz, 4 GHz

	Factory automation
	4 GHz, 30 GHz

	Rel-15 enabled use cases
	4 GHz

	Transport industry
	7 00MHz, 4 GHz



In this contribution, we provide our geometry and simulation results of factory automation scenario at 4 GHz for calibration and comparison. 
Geometry calibration
Based on the discussion in last meeting, companies are encouraged to provide simulation results with the corresponding geometry. Both with-re-drop and without-re-drop are allowed. In this section, both DL and UL geometry without-re-drop for factory automation are present. The detailed simulation assumptions for DL/UL geometry are summarized in Table A-1 in the appendix. As depicted in Figure 1, the DL 5% Q-value for this scenario is -1.35 dB and the UL 5% Q-value for this scenario is -0.96 dB.
Observation 1:For factory automation at 4 GHz,
· The 5% Q-value of DL geometry is -1.35 dB. 
· The 5% Q-value of UL geometry is -0.96 dB. 
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[bookmark: _Ref6716]Figure 1 Geometry of factory automation at 4 GHz
Simulation results
This section provides the detailed simulation results of factory automation at 4GHz including both DL and UL. During RAN1#94b [2], two options, i.e., percentage of UEs satisfying eURLLC requirements and maximum offered cell load, are agreed to be applied as the performance metrics. Furthermore, companies converged on the following agreements in RAN1#95 for better calibration and comparison [3].
	Agreements:
· Companies report the value of X used in the evaluations (either ~5% or 0%).
· The value of X should be 0% if re-dropping is used in the evaluations. 



In this section, we provide both percentage of UEs satisfying eURLLC requirements and maximum offered cell load. All the simulation results are based on the assumption of no re-drop.The detailed simulation assumptions for eURLLC SLS are summarized in Table A-1 in the appendix.
Downlink
As we agreed in RAN1#94b [2], for periodic traffic model for factory automation, it is assumed that the data for UEs in a group will arrive simultaneously in the evaluations. In our simulation, each 10 UEs are grouped together.
All the downlink transmission is grant-based with a latency-prioritized scheduling algorithm. The DL simulation results of factory automation at 4 GHz are summarized in Table 2.
[bookmark: _Ref534924468]Table 2 DL Simulation results of factory automation at 4 GHz
	Description: Motion control
Reliability: 99.9999%
Latency: 2(end to end latency), 1 ms air interface latency
Packet size: 32 bytes, periodic deterministic traffic model with data arrival interval 2 ms

	Scenario configurations
	Offered cell load (Mbps)
	UEs in outage

	UE number per cell: 5
Each 10 UEs are grouped together.
	0.6108
	0.00 %



Observation 2. For factory automation at 4 GHz with 5 UEs per cell, all UEs can satisfy the corresponding reliability and latency requirements for downlink.
Uplink
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For uplink, both grant-based and grant-free simulation results are provided. For grant-based uplink transmission, the latency-prioritized scheduling algorithm is adopted. Furthermore, the N2 control-to-uplink delay is also taken into account, which is set as N2= 6.5 symbol. Considering the time-align delay, the maximum scheduling delay is up to 10 symbols in our simulation platform, which equals the sum of N2 and time-align delay. For grant-free uplink transmission, the N2 control-to-uplink delay can be ignored. In our simulation, Type-1 grant free configuration is used. To better fit in with the traffic model of this scenario, the grant-free configurations are set as P=4 slots, TO=1 slot, K=2.
Grant-based
The grant-based UL simulation results of factory automation at 4 GHz is summarized in Table 3. As we can see, all the UEs can fully satisfy the corresponding reliability and latency requirements.
[bookmark: _Ref534928313]Table 3 Grant-based UL simulation results of factory automation at 4 GHz
	Description: Motion control
Reliability: 99.9999%
Latency: 2(end to end latency), 1 ms air interface latency
Packet size: 32 bytes, periodic deterministic traffic model with data arrival interval 2 ms

	Scenario configurations
	Offered cell load (Mbps)
	UEs in outage

	UE number per cell: 5
Each 10 UEs are grouped together.
	0.6108
	0.00%



Observation 3. For factory automation at 4 GHz with 5 UEs per cell, all UEs can satisfy the corresponding reliability and latency requirements for grant-based uplink transmission.
Grant-free
The grant-free UL transmission results of factory automation at 4 GHz is summarized in Table 4. From the simulation results, all the UEs in this scenario can satisfy the corresponding reliability and latency requirements.
[bookmark: _Ref534928403]Table 4 Grant-free UL simulation results of factory automation at 4 GHz
	Description: Motion control
Reliability: 99.9999%
Latency: 2(end to end latency), 1 ms air interface latency
Packet size: 32 bytes, periodic deterministic traffic model with data arrival interval 2 ms

	Scenario configurations
	Offered cell load (Mbps)
	UEs in outage

	UE number per cell: 5
Each 10 UEs are grouped together.
	0.6108
	0.00%



Observation 4. For factory automation at 4 GHz with 5 UEs per cell, all UEs can satisfy the corresponding reliability and latency requirements for grant-free uplink transmission.
Conclusion
In this contribution, the geometry and simulation results of factory automation at 4 GHz are provided for calibration and comparison. To sum up, the following observations are made.
Observation 1:For factory automation at 4 GHz,
· The 5% Q-value of DL geometry is -1.35 dB. 
· The 5% Q-value of UL geometry is -0.96 dB. 
Observation 2. For factory automation at 4 GHz with 5 UEs per cell, all UEs can satisfy the corresponding reliability and latency requirements for downlink.
Observation 3. For factory automation at 4 GHz with 5 UEs per cell, all UEs can satisfy the corresponding reliability and latency requirements for grant-based uplink transmission.
[bookmark: _GoBack]Observation 4. For factory automation at 4 GHz with 5 UEs per cell, all UEs can satisfy the corresponding reliability and latency requirements for grant-free uplink transmission.
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Appendix
[bookmark: _Ref5792]Table A-1 Simulation assumptions
	Parameters
	Value

	Inter-BS distance
	20m

	Carrier frequency
	4 GHz

	UE Tx power
	23dBm

	BS antenna element gain + connector loss
	5 dBi

	BS receiver noise figure
	5dB

	BS antenna configurations
	8 Tx antenna ports
(M, N, P, Mg, Ng; Mp, Np) = (2, 2, 2, 1, 1; 2, 2)

	BS antenna height
	10 m

	UE antenna configuration
	2 Rx: (M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1)

	UE antenna height
	1.5m

	UE antenna gain
	0dBi

	BS Tx power
	24 dBm per 20 MHz 

	BS receiver
	MMSE-IRC

	UE receiver noise figure
	9 dB

	SCS 
	30 kHz

	Simulation bandwidth 
	40 MHz

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

	Channel model 
	ITU InH for 4 GHz

	Number of UEs per cell
	5

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

	HARQ/repetition
	Synchronous HARQ
Max number of transmissions = 4

	UE UL power control
	P0 = -90; alpha = 1

	Channel estimation
	Ideal

	Scheduling algorithm
	Latency-prioritized scheduling algorithm
Each slot has three PDCCH occasions.
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