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Introduction
[bookmark: _Ref178064866]Power distribution is one of the main use cases considered for Rel. 16 eURLLC SI [1]. In this contribution we evaluate reliability and latency performance of URLLC power distribution use case using system level simulator. In addition, UL and DL geometry and link level results are presented. Assumptions on link and system level simulations are based on the assumption in [3] with additional adjustment to appropriately capture relevant deployment. The results show that it is possible to achieve the strict requirement of URLLC power distribution use case. 
Discussion
According to [3], requirements for power distribution use cases are given in Table 1 below.

Table 1: Assumption of reliability requirement for power distribution use case

	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	Data packet size  and traffic model
	Description 

	Power distribution
(22.804:5.6.4 &5.6.6)
	99.9999
	5(end to end latency)

Note: 2-3 ms air interface latency 
	DL & UL:
100 bytes 

ftp model 3 with arrival interval 100 ms
	Power distribution grid fault and outage management 

	
	99.999 
	15(end to end latency)

Note: 6-7 ms air interface latency
	DL & UL:
250 bytes  
Periodic and deterministic with arrival interval 0.833 ms

Random offset between UEs 

	Differential protection



In this contribution, we focus on the strict requirement, i.e., 99.9999% reliability within 3ms latency for the packet size of 100 bytes. We note that reliability requirement of 99.9999% at PHY layer assumes that higher layer mechanisms like PDCP duplication are not available. On the other hand, for deployments that have higher layer mechanisms like PDCP duplication, physical layer reliability requirement can be relaxed. 
With this requirement in mind, we evaluate performance of URLLC for power distribution and differential protection use cases using system simulator.
Power distribution grid fault and outage management
Based on system level simulation assumption in Table A-1 in the appendix B, we obtain DL and UL SINR geometry with full buffer assumption as shown in Fig. 1 in appendix A for calibration purposes. We note that the full buffer assumption here can be seen as a worst-case traffic assumption in terms of interference. Based on the results in Fig. A-1, the 5%-tile SINR are -0.35 dB (DL) and -0.44 dB (UL).
[bookmark: _Toc528928946][bookmark: _Toc528946070][bookmark: _Toc528972466][bookmark: _Toc534994784][bookmark: _Toc534995217][bookmark: _Toc535494594][bookmark: _Toc535808828][bookmark: _Toc1158710]With the system level simulation assumption in Table A-1 for power distribution with full-buffer assumption, the 5%-tile SINR are -0.35 dB (DL) and -0.44 dB (UL) for ISD = 500m. 

Based on system level simulation assumptions in Table A-2 and Table A-3 in the appendix B we obtain percentage of UEs meeting URLLC requirements according to Table 2. The UL power control setting is higher for Table A-2 and Table A-3 than for Table A-1. For both DL and UL slot-based single-transmission is used. For Table A-2 there is no eMBB users and PUSCH is grant-free using CG (Configured Grant) while for Table A-3 there are also eMBB users and PUSCH is SR-based.  Capability 2 processing times is used for UE. For gNB, the SR->grant time is 1 slot (1 PDCCH monitoring occasion per slot) and the PUSCH processing time is assumed to be 7 symbols.
[bookmark: _Hlk535579702]Table 2: Percentage of UEs fulfilling 3 ms latency and 99.9999% reliability requirement with simulation assumptions in Table A-2 and Table A-3. l
	
	Scenario Table A-2 
(no eMBB, CG PUSCH)
	Scenario Table A-3
 (with eMBB, GB PUSCH)

	Downlink
	99.8%
	95.8%

	Uplink
	95.4%
	95.9%



[bookmark: _Toc534994785][bookmark: _Toc534995218][bookmark: _Toc535494595][bookmark: _Toc535808829][bookmark: _Toc1158711][bookmark: _Hlk529779245][bookmark: _Hlk529779234]With the system level simulation assumption in Table A-2 (no eMBB, CG PUSCH) and Table A-3 (with eMBB, GB PUSCH) for power distribution with FTP model 3 a 3ms latency and 99.9999% reliability requirement can be met for more than 95% of UEs.

Differential protection
Based on system level simulation assumption in Table A-4 in the appendix B we obtain percentage of UEs meeting URLLC requirements according to Table 3, where reliability requirement is 99.999%, and air interface one-way latency is 6ms. For this use case 7os allocation is used.

Table 3: Percentage of UEs fulfilling 6 ms latency and 99.999% reliability requirement with simulation assumptions in Table A-4.
	
	Average number of UEs per cell

	
	4
	6
	8
	10

	
	UE%
	RU
	UE%
	RU
	UE%
	RU
	UE%
	RU

	Downlink
	99.8%
	12.5%
	99.9%
	24.2%
	99.9%
	24.7%
	99.9%
	36.6%

	Uplink
	96.2%
	8.7%
	95.7%
	16.3%
	95.2%
	20.6%
	94.4%
	24.8%



[bookmark: _Toc1158712]With the system level simulation assumption in Table A-4 for differential protection with periodic traffic model a 6ms latency and 99.999% reliability requirement can be met for more than 99% of UEs in DL and more than 94.4% of UEs in UL.

Conclusion
In section 2 we made the following observations:
Observation 1	With the system level simulation assumption in Table A-1 for power distribution with full-buffer assumption, the 5%-tile SINR are -0.35 dB (DL) and -0.44 dB (UL) for ISD = 500m.
Observation 2	With the system level simulation assumption in Table A-2 (no eMBB, CG PUSCH) and Table A-3 (with eMBB, GB PUSCH) for power distribution with FTP model 3 a 3ms latency and 99.9999% reliability requirement can be met for more than 95% of UEs.
Observation 3	With the system level simulation assumption in Table A-4 for differential protection with periodic traffic model a 6ms latency and 99.999% reliability requirement can be met for more than 99% of UEs in DL and more than 94.4% of UEs in UL.
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Appendix A. Additional simulation results

[image: ]
Figure A-1: DL and UL SINR distribution for different inter-site distance values for full-buffer traffic model.

Based on link level simulation assumption in Table A-5 in the appendix B, we present BLER performances of PDCCH and PDSCH/PUSCH. 
For PDCCH, we consider DCI size =40 bits excluding CRC, AL4,8,16, and 1os CORESET. PDCCH BLER for different AL are given in Fig. A-2.
  [image: ]
Figure A-2: PDCCH BLER with DCI size 40 for different AL 

For data channels, we consider packet size of 100 bytes, transmission duration of 7 OFDM symbols with 1 DMRS symbol overhead. BLER for different MCSs supported within 40 MHz BW (e.g., MCS2 to MCS6 from Table 5.1.3.1-3 [4]) are given in Fig. A-3.
[image: ]
Figure A-3: BLER of data channels for different MCSs

Appendix B. Simulation assumptions.

[bookmark: _Ref477421090]Table A-1: System level simulation assumption (power distribution use case)
	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	500m

	Carrier frequency
	4 GHz

	Channel model 
	UMa in TR 38.901

	UE Tx power
	23dBm

	BS antenna configurations
	8Tx/8Rx ports (M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 4), dH = 0.5λ, dV = 0.8λ; 9 degrees electrical antenna tilt

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5dB

	UE antenna configuration
	2 Tx/4 Rx antenna ports

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

	UE antenna gain
	3dBi 

	UE receiver noise figure
	9 dB

	Total transmit power per TRxP
	49 dBm 

	Simulation bandwidth 
	40 MHz DL and 40 MHz UL

	Duplex mode
	FDD

	SCS 
	30 kHz

	UE distribution
	100% of users are outdoors 

	Traffic
	Full buffer



Table A-2: System level simulation assumption (power distribution use case)
	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	500m

	Carrier frequency
	4 GHz

	Channel model 
	UMa in TR 38.901

	UE Tx power
	23dBm

	BS antenna configurations
	8 Tx/8 Rx antenna ports: (M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 4), dH = 0.5λ, dV = 0.8λ; 3 degrees electrical antenna tilt

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5dB

	UE antenna configuration
	2 Tx/4 Rx antenna ports, Isotropic

	UE antenna height
	Follow the modelling of TR 38.901 (e.g. 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
	URLLC: 10 (on average)
eMBB: 0 

	Simulation bandwidth 
	40 MHz

	SCS 
	30 kHz

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

	UE power control
	 dBm, 

	HARQ/repetition
	Single transmission, UL: configured grant Type2

	Channel estimation
	No channel estimation error

	Traffic 
	FTP model 3, arrival interval 100 ms, TBS=100

	URLLC requirements 
	Latency: 3 ms, Reliability 99.9999%



Table A-3: System level simulation assumption (power distribution use case)
	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	500m

	Carrier frequency
	4 GHz

	Channel model 
	UMa in TR 38.901

	UE Tx power
	23dBm

	BS antenna configurations
	8 Tx/8 Rx antenna ports: (M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 4), dH = 0.5λ, dV = 0.8λ; 3 degrees electrical antenna tilt

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5dB

	UE antenna configuration
	2 Tx/4 Rx antenna ports, Isotropic

	UE antenna height
	Follow the modelling of TR 38.901 (e.g. 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
	URLLC: 10 (on average)
eMBB: 10 (on average)

	Simulation bandwidth 
	40 MHz

	SCS 
	30 kHz

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

	UE power control
	 dBm, 

	HARQ/repetition
	Single transmission

	Channel estimation
	No channel estimation error

	Traffic 
	FTP model 3, arrival interval 100 ms, TBS=100

	URLLC requirements 
	Latency: 3 ms, Reliability 99.9999%



Table A-4: System level simulation assumption (Differential protection use case)
	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	500m

	Carrier frequency
	4 GHz

	Channel model 
	UMa in TR 38.901

	UE Tx power
	23dBm

	BS antenna configurations
	4 Tx/4 Rx antenna ports: (M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 2), dH = 0.5λ, dV = 0.8λ; 3 degrees electrical antenna tilt

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5dB

	UE antenna configuration
	2 Tx/4 Rx antenna ports, Isotropic

	UE antenna height
	Follow the modelling of TR 38.901 (e.g. 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
	URLLC: 4,6,8,10 (on average)
eMBB: No

	Simulation bandwidth 
	40 MHz

	SCS 
	30 kHz

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

	UE power control
	 dBm, 

	HARQ/repetition
	Single transmission

	Channel estimation
	No channel estimation error

	Traffic 
	Periodic and deterministic with arrival interval 0.833 ms
Random offset between UEs
Packet size is 250 bytes

	URLLC requirements 
	Latency: 6 ms, Reliability 99.999%



Table A-5: Link level simulation assumption (Urban macro scenario)
	Parameter
	Value

	Carrier frequency for evaluation
	4GHz

	Channel model
	TDL-C (delay spread: 300ns) as in 38.901

	UE speed
	3 km/h for modeling fading channel

	BS antenna configuration
	2 Tx/4 Rx antenna ports 

	UE antenna configuration
	2 Tx/4 Rx antenna ports

	System bandwidth
	40 MHz

	Sub-carrier spacing
	30 kHz

	Channel estimation
	Practical

	Receiver type
	MMSE
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