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[bookmark: OLE_LINK1]Introduction
During previous meetings, the simulation assumptions for eURLLC in Rel-16 have been finalized [1][2][3]. As depicted in Table 1, both 700M Hz and 4 GHz carrier frequencies should be considered for transport industry 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 transport industry scenario at 4 GHz for calibration and comparison.
[bookmark: _GoBack]Geometry calibration
Per 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 transport industry are present. 
The detailed simulation simulations for DL/UL geometry is summarized in Table A-1 in the appendix. As depicted in Figure 1, the 5% DL Q-value for this scenario is -0.39 dB and the 5% UL Q-value for this scenario is -6.17 dB.
Observation 1:For transport industry at 4 GHz,
· The 5% Q-value of DL geometry is -0.39 dB. 
· The 5% Q-value of UL geometry is -6.17 dB. 
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[bookmark: _Ref6716]Figure 1 Geometry of transport industry at 4 GHz

Simulation results
This section provides the detailed simulation results of transport industry 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
All the downlink transmission is grant-based with a latency-prioritized scheduling algorithm. The DL simulation results of remote driving at 4 GHz are summarized in Table 2 and the DL simulation results of ITS at 4GHz are summarized in Table 3.
[bookmark: _Ref28431]Table 2 DL Simulation results of transport industry (Remote driving) at 4 GHz
	Description: Remote driving
Reliability: 99.999%
Latency: 5 (end to end latency), Note: 3ms air interface latency 
Packet size: For UL: 2.5 Mpbs; Packet size 5220 bytes. For DL: 1Mbps; Packet size 2083 bytes.
Note: Data arrival rate 60 packets per second for periodic traffic model

	Scenario configurations
	Offered cell load (Mbps)
	UEs in outage

	UE number per cell: 2
	1.9081
	2.38 %



	Description: Intelligent transport system (ITS)
Reliability: 99.999%
Latency: 10(end to end latency), Note: 7ms air interface latency
Packet size: 1.1 Mbps, Packet size 1370 bytes.
Note: Data arrival rate 100 packets per second for periodic traffic model

	Scenario configurations
	Offered cell load (Mbps)
	UEs in outage

	UE number per cell: 2
	2.0920
	0%


[bookmark: _Ref28513]Table 3 DL Simulation results of transport industry (ITS) at 4 GHz

Observation 2: For transportation industry at 4 GHz with 2 UEs per cell, the outage percentage is smaller than 5% for downlink.
Uplink
In this section, only the UL simulation results of ITS are present. For grant-based uplink transmission, the latency-prioritized scheduling algorithm with synchronous HARQ 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 eliminated. In our simulation, the Type-1 Grant free configuration is adopted. To better fit in with the traffic model of this scenario, the grant-free configurations are set as P=7OS, TO=7OS, K=1.
Grant-based
The grant-based UL simulation results of ITS at 4 GHz is summarized in Table 4. As we can see, only 2.38% of UEs can’t satisfy the corresponding reliability and latency requirements.
[bookmark: _Ref29532]Table 4 Grant-based UL simulation results of transport industry (ITS) at 4 GHz
	Description: Intelligent transport system (ITS)
Reliability: 99.999%
Latency: 10(end to end latency), Note: 7ms air interface latency
Packet size: 1.1 Mbps, Packet size 1370 bytes.
Note: Data arrival rate 100 packets per second for periodic traffic model

	Scenario configurations
	Offered cell load (Mbps)
	UEs in outage

	UE number per cell: 2
	2.0918
	2.38%



Observation 3: For transportation industry at 4 GHz with 2 UEs per cell, the outage percentage is smaller than 5% for grant-based uplink.
Grant-free
The grant-free UL transmission results of ITS at 4 GHz is summarized in Table 5. From the simulation results, 4.7% of UEs in this scenario can’t satisfy the corresponding reliability and latency requirements.
	Description: Intelligent transport system (ITS)
Reliability: 99.999%
Latency: 10(end to end latency), Note: 7ms air interface latency
Packet size: 1.1 Mbps, Packet size 1370 bytes.
Note: Data arrival rate 100 packets per second for periodic traffic model

	Scenario configurations
	Offered cell load (Mbps)
	UEs in outage

	UE number per cell: 2
	2.0876
	4.7%


[bookmark: _Ref29636]Table 5 Grant-free UL simulation results of transport industry (ITS) at 4 GHz

Observation 4: For transportation industry at 4 GHz with 2 UEs per cell, the outage percentage is smaller than 5% for grant-free uplink.
Conclusion
In this contribution, the geometry and simulation results of transport industry at 4 GHz are provided for calibration and comparison. To sum up, the following observations are made.
Observation 1:For transport industry at 4 GHz,
· The 5% Q-value of DL geometry is -0.39 dB. 
· The 5% Q-value of UL geometry is -6.17 dB. 
Observation 2: For transportation industry at 4 GHz with 2 UEs per cell, the outage percentage is smaller than 5% for downlink.
Observation 3: For transportation industry at 4 GHz with 2 UEs per cell, the outage percentage is smaller than 5% for grant-based uplink.
Observation 4: For transportation industry at 4 GHz with 2 UEs per cell, the outage percentage is smaller than 5% for grant-free uplink.
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Appendixes
[bookmark: _Ref5792]Table A-1 Simulation assumptions
	Parameters
	Value

	Layout
	Single layer - Macro layer: Road configuration in Figure 6.1.9-1 in 38.913 and BS placement as depicted in Figure A.1.3-1 in 36.885.

	Inter-BS distance
	500m

	Carrier frequency
	4 GHz

	Channel model 
	UMa in TR 38.901

	BS antenna configurations
	8 Tx antenna ports
(M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 4)

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5dB

	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

	UE receiver noise figure
	9 dB

	Total transmit power per TRxP
	49 dBm 

	BS receiver
	MMSE-IRC

	Number of UEs per cell
	2

	Simulation bandwidth 
	40 MHz

	SCS 
	30 kHz

	UE distribution
	100% of users are outdoors 
Use 60km/h for modeling fading channel

	UE power control
	P0= -90; alpha = 1

	HARQ/repetition
	Synchronous HARQ
Max number of transmission =4

	Channel estimation
	Ideal

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