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Introduction
[bookmark: _Ref178064866]Factory automation is one of the main use cases considered for Rel. 16 eURLLC SI [1]. In this contribution we evaluate DL reliability performance of URLLC using the ITU evaluation methodology [2]. 
Assumptions on link and system level simulations are based on the conclusion in [3] with additional adjustment to appropriately capture relevant deployment. The results show that with some enhancement on the UE processing time capability, it is possible to achieve reliability target with existing NR Rel. 15 design. 
 
Discussion
According to [3], requirements for factory automation use cases are given in Table 1 below.

Table 1: Assumption of reliability requirement for factory automation use case
	Factory automation requirement

	99.9999% PHY reliability
	1 ms PHY one-way latency
	DL & UL:
32 bytes
Periodic deterministic traffic model with data arrival interval 2 ms 



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 reliability performance of URLLC for factory automation 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 X%-tile value. 
In the macro scenario considered in the ITU evaluation, 5%-tile SINR was considered, typically representing a cell-edge user. For indoor factory automation use case, it is reasonable to strengthen the coverage requirement. Here we consider 1%-tile SINR for evaluating reliability of URLLC indoor factory automation. This translates to 99% coverage, i.e., 99% of the UEs can achieve the URLLC reliability requirement. Note that this level is reasonably high considering practical deployments where critical UEs requiring very high reliability and low latency are less likely to be positioned in poor coverage area.
System Level Simulation
Based on system level simulation assumption in Table A-1 in the appendix, we obtain DL and UL geometry with full buffer assumption as shown in Fig. 1 below. 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

From Fig. 1, the 1%-tile DL SINR and UL SINR are -1.57 dB and -1 dB, respectively.

[bookmark: _Toc528935152][bookmark: _Toc528946525][bookmark: _Toc534192313][bookmark: _Toc534192342][bookmark: _Toc534198389][bookmark: _Toc534284798][bookmark: _Toc534285127][bookmark: _Toc534286356][bookmark: _Toc534820010][bookmark: _Toc535013705][bookmark: _Toc535013779]With the system level simulation assumption in Table A-1 for factory automation, the 1%-tile DL SINR is -1.57 dB and the 1%-tile UL SINR is -1 dB. 
Link Level Simulation
Based on link level simulation assumption in Table A-2 in the appendix, we present BLER performances of DL control channel and data channel. For PDCCH, we consider DCI size =40 bits excluding CRC, AL8,16, and 1os CORESET. PDCCH BLER for different AL are given in Fig. 2.
[image: ]
Figure 2: PDCCH BLER for different AL
For data channel, we consider TBS = 256 bits (=32 bytes), transmission duration of 7 OFDM symbols with 1 DMRS symbol overhead. BLER for different MCSs supported within 160 MHz BW (e.g., MCS0 to MCS2 from Table 5.1.3.1-3 [4]) are given in Fig. 3 for both single transmission and one retransmission with soft combining.
[image: ]
Figure 3: BLER of single transmission and one retransmissions for different MCSs

Reliability evaluation
[bookmark: _Hlk525751035]According to the definition in [2], reliability is defined as a success probability of a packet transmission within certain latency. In this contribution, the considered requirement is 99.9999% reliability within one-way latency of 1ms.
It is shown that with the current Rel-15 UE processing capability for 120 kHz SCS, the worst-case latency for DL retransmission or CG UL retransmission of 7-os PDSCH/PUSCH exceed the 1 ms latency budget (see e.g., [5]). 
However, with the enhanced UE capability (see [5] for the proposed value of UE capability #3 for 120 kHz SCS numerology), it is possible to have one DL retransmission of 7-os PDSCH or one CG UL retransmission of 7-os PUSCH within 1 ms. For example, Fig. 4 below illustrates the worst-case latency of PDSCH transmission with one retransmission in a DUDU TDD slot format with two-symbol guard period. The worst-case latency in this case is equal to 101 symbols. With 120 kHz SCS, this translate to 0.9018 ms which is below 1ms. If other slot formats with DL and UL symbols within a slot are configured, the latency can be lowered even further. Similarly, Fig. 5 shows the worst-case latency for CG UL retransmission.
[image: ]
Figure 4: The worst-case latency for one DL retransmission of 7os PDSCH in TDD with DL-UL slot pattern
[image: ]
Figure 5: The worst-case latency for one CG UL retransmission of 7os PUSCH in TDD with DL-UL slot pattern

In the above, delay of TDD deployment is studied since it’s more much difficult to achieve low latency with TDD than with FDD. 
In the following we provide an expression for the success probability of DL and CG UL data transmission based on probability terms in Table 2. 
[bookmark: _Ref510774126]Table 2: Success probabilities for calculating total reliability
	Probability
	Success probability of

	p1
	PDCCH

	p2
	PDSCH/PUSCH

	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 the 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 the results in Section 2.2 (assuming PDCCH AL16 and PDSCH/PUSCH MCS index 0), we have link level results at the 1%-tile DL and UL SINR (-1.57 dB and -1 dB respectively) summarized in Table 3 below. For PUCCH, we assume regular PUCCH requirements for p3 and p4. The total reliability after one retransmission for DL and CG UL transmission are given at the end of Table 3.

Table 3: Probabilities terms for total reliability
	Probability
	Value

	p1
	

	p2,1  for DL
	

	p2,2  for DL
	

	p2,1  for UL
	

	p2,2  for UL
	

	p3
	

	p4
	

	DL total reliability after one retransmission
	99.999955%

	CG UL total reliability after one retransmission
	99.999999993%



That is, we show that for factory automation scenario at 30 GHz carrier, the requirement of 99.9999% PHY reliability within 1 ms one-way latency for DL and UL transmissions can be achieved. 

[bookmark: _Toc528935153][bookmark: _Toc528946526][bookmark: _Toc525818719][bookmark: _Toc525834324][bookmark: _Toc525926878][bookmark: _Toc528920813][bookmark: _Toc528935074][bookmark: _Toc528935086][bookmark: _Toc528935154][bookmark: _Toc528946527][bookmark: _Toc534192314][bookmark: _Toc534192343][bookmark: _Toc534198390][bookmark: _Toc534284799][bookmark: _Toc534285128][bookmark: _Toc534286357][bookmark: _Toc534820011][bookmark: _Toc535013706][bookmark: _Toc535013780]With enhanced UE processing capability for 120 kHz SCS, it is possible to have one DL or one CG UL retransmission with 7os duration in a TDD configuration with 120 kHz SCS within 1 ms one-way latency.
[bookmark: _Toc525818720][bookmark: _Toc525834325][bookmark: _Toc525926879][bookmark: _Toc528920814][bookmark: _Toc528935075][bookmark: _Toc528935087][bookmark: _Toc528935155][bookmark: _Toc528946528][bookmark: _Toc534192315][bookmark: _Toc534192344][bookmark: _Toc534198391][bookmark: _Toc534284800][bookmark: _Toc534285129][bookmark: _Toc534286358][bookmark: _Toc534820012][bookmark: _Toc535013707][bookmark: _Toc535013781]Reliability requirement of 99.9999% within 1 ms one-way latency for factory automation at 30 GHz carrier can be achieved if enhanced UE processing capability is adopted.

Conclusion
[bookmark: _GoBack]In section 2 we made the following observations:
Observation 1	With the system level simulation assumption in Table A-1 for factory automation, the 1%-tile DL SINR is -1.57 dB and the 1%-tile UL SINR is -1 dB.
Observation 2	With enhanced UE processing capability for 120 kHz SCS, it is possible to have one DL or one CG UL retransmission with 7os duration in a TDD configuration with 120 kHz SCS within 1 ms one-way latency.
Observation 3	Reliability requirement of 99.9999% within 1 ms one-way latency for factory automation at 30 GHz carrier can be achieved if enhanced UE processing capability is adopted.
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Appendix
[bookmark: _Ref477421090]Table A-1: System level simulation assumption
	Parameters
	Value

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

	Inter-BS distance
	20m

	Carrier frequency
	30 GHz

	Channel model 
	Modified Indoor Hotspot LOS model with blockers
3GPP TR 38.901 where extra blockage loss is added on top of the InH LoS loss
(see e.g., Fig. A-1 and [7])

	UE Tx power
	23dBm

	BS antenna configurations
	(M, N, P, Mg, Ng; Mp, Np) = (4, 4, 2, 1, 1; 2, 4), dH = dV = 0.5 λ 

	BS antenna height
	10m

	BS antenna element gain + connector loss
	5 dBi

	BS receiver noise figure
	7 dB

	UE antenna configuration
	2 Tx/Rx antenna ports

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


	UE antenna gain
	5 dBi 

	UE receiver noise figure
	10 dB

	BS Tx power
	26 dBm 

	Simulation bandwidth 
	160 MHz 

	Duplex mode
	TDD (50% DL)

	SCS 
	120 kHz

	UE distribution
	100% of users are indoor

	Traffic
	Full buffer



Table A-2: Link level simulation assumption
	Parameter
	Value

	Carrier frequency for evaluation
	30GHz

	Channel model
	CDL-A 20ns


	Deployment
	Modified indoor hot-spot with blockers 

	UE speed
	3 km/h

	BS TX antenna configuration
	2 Tx ports

	UE RX antenna configuration
	2 RX ports 

	System bandwidth
	160 MHz

	Sub-carrier spacing
	120 kHz  

	Channel estimation
	Practical

	Receiver type	
	MMSE


[image: ]
Figure A-1 Modified indoor layout of factory hall with blockers
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