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1	Introduction
In RAN1#94, evaluation methodology and simulation assumptions were discussed for providing baseline performance of Rel-15 URLLC design. Subsequently, email thread [94-NR-06] lead to the following agreed proposals. In this contribution, we discuss further the evaluation methodology and simulation assumptions for generating the baseline performance.

Proposals approved by the email discussion: 
1. Additional assumptions for evaluation: 
0. Companies describe overhead modeling (e.g. PDCCH overhead) used by companies in the simulation 
0. Companies describe modification to channel models if any 
0. Companies describe power control mechanisms 
1. 1 ms air interface latency is assumed for evaluation for factory automation, with the assumption of 1 ms CN delay in 2 ms end-to-end latency. 
1. Other values for evaluation are not precluded
1. In evaluations, it is assumed that the packet size is based on L2/L3 SDU in the evaluation
0. FFS header overhead 
1. FFS whether to describe the following assumptions: 
1. Duplex mode: FDD or TDD (DL/UL configuration) 
1. Re-dropping or discarding UEs which do not satisfy certain channel quality if any 
1. Blockage due to moving metal parts for channel model for factory automation 
1. Other assumptions like TTI size, gNB/UE processing time, CSI measurement and reporting
1. Companies are encouraged to provide evaluation on baseline performance achievable with Rel-15 NR URLLC, for the prioritized URLLC use cases identified in the Rel-16 URLLC SID. 
1. Take the simulation settings in the following table as the starting point for Rel-16 NR URLLC system level evaluation for urban macro for power distribution:   
	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	500m
Note: Other value (e.g. 150 m) is not precluded

	Carrier frequency
	4 GHz

	Channel model 
	UMa in TR 38.901

	UE Tx power
	23dBm

	BS antenna configurations
	FFS antenna ports (e.g., 4 Tx/4 Rx antenna, etc.) 
(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1);
dH = 0.5λ, dV = 0.8λ;
102 degree for 500m ISD 

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5dB

	UE antenna configuration
	FFS antenna ports (e.g., 2 Tx/4 Rx antenna ports, etc) 
Panel model 1: Mg=1, Ng=1, P=2, dH=0.5

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

	UE antenna gain
	0dBi as starting point

	UE receiver noise figure
	9 dB

	Total transmit power per TRxP
	49 dBm 

	BS receiver
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	Parameters with the value not defined in 38.802

	Number of UEs per cell
	Up to 10 

	Simulation bandwidth 
	40 MHz

	SCS 
	30 kHz
Note: Other values for evaluation are not precluded. 

	UE distribution
	100% of users are outdoors 

	UE power control
	Companies report the PC mechanisms used for URLLC. 

	HARQ/repetition
	Companies report (including HARQ mechanisms).

	Channel estimation
	Realistic



1. Take the simulation settings in the following table as the starting point for Rel-16 NR URLLC system level evaluation for indoor hot-spot for factory automation:   
	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
	FFS antenna ports (e.g., 4 Tx/4 Rx antenna ports, etc) 
(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ for 4GHz

	BS antenna height
	[3] m
Note: Companies report the modification of the layout

	UE antenna configuration
	FFS antenna ports (e.g., 2 Tx/4 Rx antenna ports, etc.) 
Panel model 1: Mg = 1, Ng = 1, P = 2, dH = 0.5

	UE antenna height
	Follow the modelling of TR 38.901 (e.g. 1.5m)
Note: Companies report the modification of the layout

	UE antenna gain
	0dBi as starting point

	BS Tx power
	24 dBm per 20 MHz 

	BS receiver
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	UE receiver noise figure
	9 dB

	Parameters with the value not defined directly for factory automation in 38.802

	SCS 
	30 kHz

Note: Other values for evaluation are not precluded. 

	Simulation bandwidth 
	40 MHz

	Layout
	Single layer as defined in 38.802
Indoor floor: [(3, 6, 12) BSs per 120 m x 50 m]

Note: Companies report the modification of the layout 

	Channel model 
	ITU InH for 4 GHz
Companies report the modification of the channel model 

	Number of UEs per cell
	Up to [40]

	UE distribution
	100% of users are indoor: 3 km/h and/or 30 km/h UE-speed
Note: which one to use is up to companies and other value(s) are not precluded

	UE power control
	Companies report the PC mechanisms used for URLLC. 

	HARQ/repetition
	Companies report (including HARQ mechanisms).

	Channel estimation
	Realistic


· Evaluation of 30 GHz carrier frequency is not precluded. 

[bookmark: _Ref178064866]2	Scenarios
As described in [1], the following key use cases are to be considered in the Rel-16 URLLC study item.
	· Release 15 enabled use case improvements
· Such as AR/VR (Entertainment industry)
· New Release 16 use cases with higher requirements
· Factory automation
· Transport Industry
· Electrical Power Distribution



Further, it’s clarified in [1] that, the remote driving use case is included as an example of transport industry. Among the use cases above, factory automation is identified as the prioritized use case by most companies. Hence we propose that factory automation is prioritized in Rel-16 URLLC study item. Other use cases should be treated as second priority. Evaluation and design for the other use cases will be considered only if there is spare time.
[bookmark: _Toc525926771]Factory automation use case is prioritized in Rel-16 URLLC study item.

In Table 1, the reliability and latency requirements of each use case are listed. Furthermore, representative transport block (TB) size for each case is also shown for physical layer simulation. The TB sizes are obtained by accounting for overhead size in addition to the L2/L3 SDU sizes, which are also shown. 
The number of users and traffic model for each use case are not shown in Table 1. Instead, the number of users and traffic model belong to the system simulation tables.
Table 1. Use cases and requirements
	Use case
(Clause #)
	Reliability (%)
	Latency (ms) 
	L2/L3 SDU and corresponding TB size for evaluation
	Example Services 

	Factory automation
(22.804: 5.3.2)
	99.9999%
	2ms end-to-end latency, 1 ms at physical layer
	L2/L3 SDU = 20 bytes;
TB size = 32 bytes

	Discrete Automation

	Power distribution
(22.261:7.2.2)

	99.999%
	7ms end-to-end, 3ms at physical layer
	L2/L3 SDU = 112 bytes 
TB size = 128 bytes


	Electricity Distribution- high voltage

	Transport Industry
(23.501: 5.7.4)
	99.999%
	30ms end-to-end, 25ms at physical layer 
	L2/L3 SDU = 1354 bytes,
TB size = 1370 bytes
	Intelligent transport systems

	Rel-15 enabled use case (e.g. AR/VR)
	99.999% 
	1 ms at physical layer

	L2/L3 SDU = 20 bytes;
TB size = 32 bytes;
 
	See 38.802

	
	
	
	L2/L3 SDU = 184 bytes;
TB size = 200 bytes;
	See 38.802


Note: Rel-15 higher layer mechanisms for reliability may be applicable for achieving the reliability requirement

[bookmark: _Toc525926772]Use reliability and latency requirements, TB size, of Table 1 in the simulation study.
3	System Level Simulations
In this section, parameter settings for system level simulation are provided. 
3.1 	Factory automation
In the following, Table 2 shows the system level simulation assumption for the factory automation use case.  Table 2 is revised from the corresponding table in the email discussion [94-NR-06] agreed proposal.
Regarding modifying existing channel model for factory automation, we propose: 
[bookmark: _GoBack]Modify Indoor Hotspot LOS model where extra blockage loss is added on top of the InH LoS loss, using blockage model B of 3GPP TR 38.901
Further details are channel model are provided in the companion contribution [7].


Table 2. System level simulation assumption for factory automation use case
	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
	Up to and including 32 Tx / 32 Rx antenna ports; >=8 Tx / 8 Rx antenna ports FFS antenna ports (e.g., 4 Tx/4 Rx antenna ports, etc) 
(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ for 4GHz

	BS antenna height
	[3]10 m
Note: Companies report the modification of the layout

	UE antenna configuration
	FFS antenna ports (e.g., 2 Tx/4 Rx antenna ports, etc.) 
Up to and including 4 Tx / 4 Rx antenna ports
Panel model 1: Mg = 1, Ng = 1, P = 2, dH = 0.5

	UE antenna height
	Follow the modelling of TR 38.901 (e.g. 1.5m)
Note: Companies report the modification of the layout

	UE antenna gain
	0dBi as starting point

	BS Tx power
	24 dBm per 20 MHz 

	BS receiver
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	UE receiver noise figure
	9 dB

	Parameters with the value not defined directly for factory automation in 38.802

	SCS 
	30 kHz

Note: Other values for evaluation are not precluded. 

	Simulation bandwidth 
	40 MHz

	Layout
	Single layer as defined in 38.802
Indoor floor: [(3, 6, 12) BSs per 120 m x 50 m]

Note: Companies report the modification of the layout 

	Channel model 
	Modified ITU InH for 4 GHz
Companies report the modification of the channel model 

	Number of UEs per cell
	4 Up to [40]

	UE distribution
	100% of users are indoor: 3 km/h and/or 30 km/h UE-speed
Note: which one to use is up to companies and other value(s) are not precluded

	UE power control
	Companies report the PC mechanisms used for URLLC. 

	HARQ/repetition
	Companies report (including HARQ mechanisms).

	Channel estimation
	Realistic



[bookmark: _Toc525926773]Use Table 2 for system level evaluation of factory automation use case.

3.2 	Power distribution
In the following, Table 3 shows the system level simulation assumption for the power distribution use case. Table 3 is revised from the corresponding table in the email discussion [94-NR-06] agreed proposal.
Table 3. System level simulation assumption for power distribution use case
	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	500m150 m
Note: Other value (e.g. 150 m) is not precluded

	Carrier frequency
	4 GHz

	Channel model 
	UMa in TR 38.901

	UE Tx power
	23dBm

	BS antenna configurations
	Up to and including 32 Tx / 32 Rx antenna ports; >=16 Tx / 16 Rx antenna ports FFS antenna ports (e.g., 4 Tx/4 Rx antenna, etc.) 
(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1);
dH = 0.5λ, dV = 0.8λ;
102 degree for 500m ISD  Companies provide information on tilt

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5dB

	UE antenna configuration
	FFS antenna ports (e.g., 2 Tx/4 Rx antenna ports, etc) 
Up to and including 4 Tx / 4 Rx antenna ports
Panel model 1: Mg=1, Ng=1, P=2, dH=0.5

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

	UE antenna gain
	0dBi as starting point

	UE receiver noise figure
	9 dB

	Total transmit power per TRxP
	49 dBm 

	BS receiver
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	Parameters with the value not defined in 38.802

	Number of UEs per cell
	4 Up to 10 

	Simulation bandwidth 
	40 MHz

	SCS 
	30 kHz
Note: Other values for evaluation are not precluded. 

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

	UE power control
	Companies report the PC mechanisms used for URLLC. 

	HARQ/repetition
	Companies report (including HARQ mechanisms).

	Channel estimation
	Realistic



[bookmark: _Toc525926774]Use Table 3 for system level evaluation of power distribution use case.

3.3	Transport Industry
Similar to power distribution use case, transport industry also belongs to outdoor deployment. These two use cases are very similar. To reduce simulation work load, we propose to use the same system simulation assumption as power distribution scenario, except that:
· Inter-BS distance is increased, e.g., changed to 500 m.
· UE speed is 60 km/h

[bookmark: _Toc525926775]Use Table 3 for system level evaluation of transport industry use case, with changes to inter-BS distance and UE speed only.

4	Link Level Simulations
In this section, parameter settings for link level simulation are provided. 
4.1	Factory automation
In the following, Table 4 shows the link level simulation assumption for the factory automation use case. For this scenario, TDL-D channel model is used, which reflects that both LOS and NLOS components exist in the factory deployment.
Table 4. Link level simulation assumption for factory automation use case
	Parameters
	Value

	System bandwidth
	40MHz

	Carrier Frequency
	4GHz

	Subcarrier spacing
	30KHz

	Modulation 
	QPSK

	Channel estimation
	Realistic

	Channel model
	TDL-D with delay spread 30ns

	UE speed
	3 km/h, 30 km/h

	Number of BS antennas
	Up to and including 32 Tx / 32 Rx antenna ports  

	Number of UE antennas
	Up to and including 4 Tx / 4 Rx antenna ports

	Deployment
	Modified indoor hotspot deployment

	SINR target
	5th percentile DL geometry. Each company report the Q value




[bookmark: _Toc525926776]Use Table 4 for link level simulation of factory automation use case.

4.2	Power distribution
In the following, Table 5 shows the link level simulation assumption for the power distribution use case.
Table 5. Link level simulation assumption for power distribution use case
	Parameters
	Value

	System bandwidth
	40 MHz

	Carrier Frequency
	4 GHz

	Subcarrier spacing
	30 kHz

	Modulation 
	QPSK

	Channel estimation
	Realistic

	Channel model
	TDL-C with delay spread 300ns

	UE speed
	Stationary UE. Use 3 km/h for fading channel generation

	Number of BS antennas
	Up to and including 32 Tx / 32 Rx antenna ports  

	Number of UE antennas
	Up to and including 4 Tx / 4 Rx antenna ports

	Deployment
	Urban macro as listed in 3GPP 38.802

	SINR target
	5th percentile DL geometry. Each company report the Q value




[bookmark: _Toc525926777][bookmark: _Hlk519087263]Use Table 5 for link level simulation of power distribution use case.

4.3	Transport industry
As discussed for system level simulation, the power distribution and transport industry use cases are very similar. To reduce simulation work load, we propose to use the same link-level simulation assumption as power distribution scenario, except that the UE speed is changed to 60 km/h. 
Note that there are other parameters the link simulation inherit from system simulation setup, which may be different between transport industry and power distribution, e.g., inter-BS distance.
[bookmark: _Toc525926778]Use Table 5 for link level simulation of transport industry use case, with changes to UE speed only.

4. 	Performance Metric
For evaluation of NR performance for URLLC, the performance metric as described in [4] can be taken as a starting point. Below the URLLC capacity in 38.802 section 11.1 is modified to additionally define URLLC / eMBB multiplexing capacity, where both URLLC and eMBB traffic exists.
	-	URLLC capacity and URLLC / eMBB multiplexing capacity
-	Definition: URLLC system capacity is calculated as follows:
-	C(L, R) is the maximum offered cell load under which Y% of URLLC UEs in a cell operate with target link reliability R under L latency bound
-	X = (100 – Y) % is the percentage of UEs in outage
-	A UE in outage is defined as the UE can not meet latency L and link reliability R bound
-	Companies report their assumption on X
- 	Companies report their assumption on the number of eMBB UEs deployed together with the URLLC UEs
-	Evaluation method: System level evaluation method is used for URLLC system capacity study to analyze impact from inter-cell interference, queueing and scheduling latency, multiplexing with other services.



Additionally, the link-level simulation results are used to show performance of each physical layer channels (e.g., PDCCH, PUCCH, PUSCH), as measured against the Q value. Since different simulators may give different Q value, each company should report the Q value obtained in their simulator.
[bookmark: _Toc525926779]Companies report the modified URLLC capacity using system-level simulation.
[bookmark: _Toc525926780]Companies evaluate physical layer channel performance using link-level simulation and Q value.

5	Conclusion
In this contribution, evaluation methodology and simulation assumptions are discussed for obtaining baseline performance of URLLC. Based on the discussion in the previous sections we propose the following:
Proposal 1	Factory automation use case is prioritized in Rel-16 URLLC study item.
Proposal 2	Use reliability and latency requirements, TB size, of Table 1 in the simulation study.
Proposal 3	Use Table 2 for system level evaluation of factory automation use case.
Proposal 4	Use Table 3 for system level evaluation of power distribution use case.
Proposal 5	Use Table 3 for system level evaluation of transport industry use case, with changes to inter-BS distance and UE speed only.
Proposal 6	Use Table 4 for link level simulation of factory automation use case.
Proposal 7	Use Table 5 for link level simulation of power distribution use case.
Proposal 8	Use Table 5 for link level simulation of transport industry use case, with changes to UE speed only.
Proposal 9	Companies report the modified URLLC capacity using system-level simulation.
Proposal 10	Companies evaluate physical layer channel performance using link-level simulation and Q value.
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