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Introduction
[bookmark: _Ref178064866]Power distribution and transport industry are two main use cases for macro scenario considered for Rel. 16 eURLLC SI [1]. The initial performance evaluation for power distribution and transport industry was done for the mid band carrier. In RAN1#95 [2], there is an agreement to consider also performance evaluation of URLLC macro scenario at the low band, i.e., 700 MHz carrier. 
In this contribution we evaluate reliability and latency performance of URLLC urban macro scenario at 700 MHz following the assumptions agreed in [2] and the ITU evaluation methodology [3]. 
[bookmark: _GoBack]The results show certain reliability and latency performance that can be achieved for URLLC urban macro scenario, i.e., power distribution use case. This contribution does not include similar evaluation of transport industry at 700 MHz.
Discussion
For the evaluation, we consider requirement in Table 1 below for power distribution use case.

Table 1: Assumption of reliability requirement for power distribution use case
	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	Data packet size and traffic model

	Power distribution

	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

	
	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 



More specifically, 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 using the ITU methodology. That is, we first obtain SINR distribution from a system level simulation. Then reliability is computed from link level simulation results at SNR corresponding to 5%-tile value which typically represents the cell-edge user in the macro scenario. 
System Level Simulation
Based on system level simulation assumption in Table A-1 in the appendix, we obtain DL and UL SINR distribution with full buffer assumption as shown in Fig. 1 and 2 for different BS antenna configurations (4Tx/Rx (1,2,2,1,1,1;1,2) and 2Tx/Rx (8,1,2,1,1,1;1,1)) and ISD values. We note that the full buffer assumption here can be seen as a worst-case traffic assumption in terms of interference.
[image: ]
Figure 1: DL and UL SINR distribution for different BS antenna configurations with inter-site distance of 500 m for full-buffer traffic model.
[image: ] 
Figure 2: DL and UL SINR distribution for different BS antenna configurations with inter-site distance of 150 m for full-buffer traffic model.

Based on the results in Fig. 1 with ISD = 500m, for 2Tx/Rx (8,1,2,1,1,1; 1,1) the 5%-tile SINR are -1.96 dB (DL) and -1.51 dB (UL), while for 4Tx/Rx (1,2,2,1,1,1; 1,2) the 5%-tile SINR are -1 dB (DL) and -0.66 dB (UL).
Based on the results in Fig. 2 with ISD = 150m, for 2Tx/Rx (8,1,2,1,1,1; 1,1) the 5%-tile SINR are -2.92 dB (DL) and -2.63 dB (UL), while for 4Tx/Rx (1,2,2,1,1,1; 1,2) the 5%-tile SINR are -0.52 dB (DL) and -0.64 dB (UL).

[bookmark: _Toc528928946][bookmark: _Toc528946070][bookmark: _Toc528972466][bookmark: _Toc534628873][bookmark: _Toc534984029]With the system level simulation assumption in Table A-1 for urban macro scenario with full-buffer assumption, for 2Tx/Rx (8,1,2,1,1,1; 1,1) BS antenna configuration,  the 5%-tile SINR are -1.96 dB (DL) and -1.51 dB (UL) for ISD = 500m, and -2.92 dB (DL) and -2.63 dB (UL) for ISD =150m, respectively. 
[bookmark: _Toc534628874][bookmark: _Toc534984030]With the system level simulation assumption in Table A-1 for urban macro scenario with full-buffer assumption, for 4Tx/Rx (1,2,2,1,1,1; 1,2) BS antenna configuration,  the 5%-tile SINR are -1 dB (DL) and -0.66 dB (UL) for ISD = 500m, and -0.52 dB (DL) and -0.64 dB (UL) for ISD =150m, respectively. 

Link Level Simulation
Based on link level simulation assumption in Table A-2 in the appendix, we present BLER performances of PDCCH and PDSCH/PUSCH. 

PDCCH
For PDCCH, we consider DCI size =40 bits excluding CRC, AL4,8 and 1os CORESET. PDCCH BLER for different AL are given in Fig. 3.
[image: ]
Figure 3: PDCCH BLER with DCI size 40 for different AL 

PUCCH
For PUCCH, we consider PUCCH format 0 with 2os and frequency hopping, carrying 1-bit ACK/NACK. Different error rates are given in Fig. 4.
[image: ]
Figure 4: PUCCH error rates with Pr(DTXtoACK)  

PDSCH/PUSCH
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 20 MHz BW (e.g., MCS6 and higher Table 5.1.3.1-3 [4]) with single transmission and one retransmission with soft combining are given in Fig. 5 and 6.
[image: ]
Figure 5: BLER of DL data (2Tx/4Rx) for single transmission and one retransmission 
[image: ]
Figure 6: BLER of UL data (2Tx/2Rx) for single transmission and one retransmission

Reliability evaluation
According to the definition in [3], reliability is defined as a success probability of a packet transmission within certain latency target. In this contribution, we consider the reliability requirement of 99.9999% within one-way latency of 3 ms according to the requirement of power distribution use case.
Based on the latency analysis in [5], we see that it is possible to have two DL and two DL CG-UL with 7os duration transmissions (including retransmission) within 3 ms latency. 
[bookmark: _Hlk525751035]
In the following we provide an expression for the success probability of DL and UL data transmission based on probability terms in Table 3. 
[bookmark: _Ref510774126]Table 3: Success probabilities for calculating total reliability
	Probability
	Success probability of

	p1
	PDCCH

	p2
	PDSCH

	p3
	PUCCH NACK reception

	p4
	PUCCH DTX detection



DL HARQ (re)transmission
In the DL we can describe the total reliability after N transmission as:


where for any positive integer k,   is the successful probability of a data being correctly received after k attempts of PDSCH transmissions are soft combined conditioned that previous soft-combined k-1 attempts of PDSCH transmissions fail. In this expression the DL control transmissions are assumed to be uncorrelated with each other and with data. This approximation can be motivated by e.g. interleaved PDCCH mapping where different candidates may be used between attempts. The data transmission attempts are assumed to be correlated with each other where the soft combining effect is captured.

Configured grant UL transmission
With configured grant UL, the first UL transmission is done without scheduling DCI. The total reliability can be described similarly as:


Here the PDCCH reliability only has an effect starting from the first retransmission. 

Based on results in Figures 1-6 (assuming PDCCH AL8 and PDSCH/PUSCH MCS index 6), we have the link level results at the 5%-tile DL and UL SINR summarized in Table 4. The total reliability after one retransmission is also given.

Table 4: Success probabilities 
	Probability 
	BS antenna 2Tx/Rx (8,1,2,1,1,1; 1,1),
ISD = 500m
	BS antenna 2Tx/Rx (8,1,2,1,1,1; 1,1),
ISD = 150m
	BS antenna 4Tx/Rx (1,2,2,1,1,1; 1,2),
ISD = 500m
	BS antenna 4Tx/Rx (1,2,2,1,1,1; 1,2),
ISD = 150m

	p1
	
	
	
	

	p2,1  for DL (MCS6)
	
	
	
	

	p2,2  for DL (MCS6)
	
	
	
	

	p2,1  for UL (MCS6)
	
	3
	
	

	p2,2  for UL (MCS6)
	
	
	
	

	p3
	
	
	
	

	p4
	
	
	
	

	DL total reliability after one retransmission
	99.9999976%
	99.999956%
	>99.9999%
	>99.9999%

	CG UL total reliability after one retransmission
	99.999988%
	99.99965%
	99.99999955%
	99.99999955%



That is, we show that for certain BS antenna configurations and ISD assumptions reliability of 99.9999% within 3ms one-way latency for DL and CG-UL transmissions can be achieved at the 5%-tile SINR for power distribution scenario at 700 MHz. 
For the BS antenna configuration 2Tx/Rx (8,1,2,1,1,1; 1,1) with ISD = 150m, reliability of 99.99965% can be achieved. 

[bookmark: _Toc528928947][bookmark: _Toc528946071][bookmark: _Toc525818719][bookmark: _Toc525834324][bookmark: _Toc525926878][bookmark: _Toc528920813][bookmark: _Toc528928948][bookmark: _Toc528946072][bookmark: _Toc528972467][bookmark: _Toc534628880][bookmark: _Toc534984031]It is possible to have up to 2 DL and CG-UL transmissions with 7os duration in a FDD configuration with 30 kHz SCS within 3 ms one-way latency.
[bookmark: _Toc525818720][bookmark: _Toc525834325][bookmark: _Toc525926879][bookmark: _Toc528920814][bookmark: _Toc528928949][bookmark: _Toc528946073][bookmark: _Toc528972468][bookmark: _Toc534628881][bookmark: _Toc534984032]Reliability requirement of 99.9999% within 3 ms one-way latency for power distribution use case can be achieved for certain BS antenna configurations.

Conclusion
In section 2 we made the following observations:
Observation 1	With the system level simulation assumption in Table A-1 for urban macro scenario with full-buffer assumption, for 2Tx/Rx (8,1,2,1,1,1; 1,1) BS antenna configuration,  the 5%-tile SINR are -1.96 dB (DL) and -1.51 dB (UL) for ISD = 500m, and -2.92 dB (DL) and -2.63 dB (UL) for ISD =150m, respectively.
Observation 2	With the system level simulation assumption in Table A-1 for urban macro scenario with full-buffer assumption, for 4Tx/Rx (1,2,2,1,1,1; 1,2) BS antenna configuration,  the 5%-tile SINR are -1 dB (DL) and -0.66 dB (UL) for ISD = 500m, and -0.52 dB (DL) and -0.64 dB (UL) for ISD =150m, respectively.
Observation 3	It is possible to have up to 2 DL and CG-UL transmissions with 7os duration in a FDD configuration with 30 kHz SCS within 3 ms one-way latency.
Observation 4	Reliability requirement of 99.9999% within 3 ms one-way latency for power distribution use case can be achieved for certain BS antenna configurations.
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Appendix
[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, 150m

	Carrier frequency
	700 MHz

	Channel model 
	UMa in TR 38.901

	UE Tx power
	23dBm

	BS antenna configurations
	2Tx/2Rx ports (M, N, P, Mg, Ng; Mp, Np) = (8, 1, 2, 1, 1; 1, 1), dH = 0.5λ, dV = 0.8λ; 9 degrees electrical antenna tilt
4Tx/4Rx ports (M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2), 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 
	20 MHz DL and 20 MHz UL

	Duplex mode
	FDD

	SCS 
	30 kHz

	UE distribution
	100% of users are outdoors 

	Traffic
	Full buffer



Table A-2: Link level simulation assumption (Urban macro scenario)
	Parameter
	Value

	Carrier frequency for evaluation
	700MHz

	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/2 Rx antenna ports 

	UE antenna configuration
	2 Tx/4 Rx antenna ports

	System bandwidth
	20 MHz

	Sub-carrier spacing
	30 kHz

	Channel estimation
	Practical

	Receiver type
	MMSE
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