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1 Introduction
At RAN#75 meeting, new Study Item on Self Evaluation towards IMT-2020 submission was approved [1]. Self-Evaluation will provide the performance towards all the ITU-R IMT-2020 requirements as defined in Report ITU-R M.2410 [2]. High-level assessment methods for these evaluation characteristics are given in § 6 of Report ITU-R M.2412 [3]. Reliability for URLLC needs to be evaluated with both system-level simulation (SLS) and link-level simulation (LLS). A 5th-percentile SINR provided by SLS will be used in link level simulation to achieve final evaluation results [3].
In this contribution, we provide initial reliability evaluation results, including UL and DL pre-processing SINR CDF, and preliminary evaluation results for reliability.
2 Pre-processing SINR 
At Ran1#93 meeting, it was agreed that for SU-MIMO pre-processing SINR as defined in [4] is calculated in SLS. In this section, we provide the preliminary evaluation results of UL and DL preprocessing SINR for URLLC scenario. The 5%-tile point pre-processing SINR values are provided in Table 1. Pre-processing SINR CDFs are shown in Figure 1 and Figure 2. The general evaluation SLS assumptions are listed in Appendix I.
Table 1: 5%-tile point pre-processing SINR
	Scenario
	Configuration
	Channel Model
	5%-tile pre-processing SINR (dB)

	URLLC UL
	Config A
<α = 0.8,  P0 = -90 dBm>
	Model A
	-9.13

	
	Config A
<α = 1,  P0 = -106 dBm>
	Model B
	-2.5

	
	Config B
<α = 0.8,  P0 = -80 dBm>
	Model A
	-4.5

	
	Config B
<α = 0.8,  P0 = -80 dBm>
	Model B
	-0.34

	URLLC DL
	Config A
	Model A
	-3.47

	
	
	Model B
	-3.46

	
	Config B
	Model A
	-2.55 

	
	
	Model B
	-2.46 
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	Figure 1: UL pre-processing SINR CDF
	Figure 2: DL pre-processing SINR CDF


3 Link level simulation
At RAN1#93 meeting, analytical calculation methods for total reliability were agreed in [5]. In order to obtain final reliability, probabilities (denoted as p0~p4) as listed in the following table need to be evaluated. p1 and p2 are obtained by running PDCCH and PDSCH/PUSCH simulations respectively.  p0, p3 and p4 are acquired by PUCCH simulations. For a better understanding of these probabilities, notations are also provided in Table 2. 
Table 2: Successful probability notations for various events
	Successful Probability
	Description
	Notations

	p0
	Successful probability of SR detection
	P(SR detected | UE sent SR)

	p1
	Successful probability of PDCCH transmission
	P(PDCCH correctly received)

	p2
	Successful probability of PDSCH/PUSCH transmission
	P(PDSCH/PUSCH correctly received)

	p3
	Successful probability of PUCCH NACK detection
	P(NACK or DTX detected | UE sent NACK) = 1 - P(ACK detected | UE sent NACK)

	p4
	Successful probability of PUCCH DTX detection
	P(NACK or DTX detected | UE sent DTX) = 1 - P(ACK detected | UE sent DTX)



According to [5], Alternative 1 without soft combination and Alternative 2 with soft combination gain can be applied to LLS. In the following section, LLS assumptions and results based on Alternative 1 (without soft combination gain) on PDCCH, PDSCH and PUSCH are provided and then total reliability results are obtained.
LLS assumptions for PDCCH, PDCCH and PUSCH are listed in Table 3, 4, 5. For PDSCH and PUSCH, since TBS is set to be 256 bits, the allocation bandwidth and MCS for PDSCH/PUSCH are derived based on the TBS determination procedure as defined in Section 5.1.3 of TS38.214 [6].  1 symbol DMRS overhead is accounted for TBS calculation. The MCS table for URLLC agreed at RAN1 #93 meeting is applied to the evaluations. 
Table 3: PDCCH simulation assumptions
	Numerology
	30kHz SCS

	Waveform
	CP-OFDM

	Aggregation level
	16

	PDCCH
	2 symbols

	RB number
	48 RB

	Payload size
	34 bits

	Carrier frequency 
	Config B: 700MHz

	Antenna config
	Config B: 2T2R

	Antenna pattern
	0dB omni-directional gain

	channel model
	TDL-C,  363ns

	Speed
	3km/h

	Channel estimation
	Non-ideal



Table 4: PDSCH simulation assumptions
	Numerology
	30kHz SCS

	Waveform
	CP-OFDM

	Carrier frequency 
	700MHz

	Antenna config
	2T2R

	Antenna pattern
	0dB omni-directional gain

	Transmission scheme
	Spatial multiplexing

	channel model
	TDL-C,  363ns

	Speed
	3km/h

	Channel estimation
	Non-ideal

	Data and RB allocation
	TBS = 256 bits :
7-os, MCS1, 46RB
4-os, MCS5, 37RB

	Transmission scheme
	No HARQ

	Overhead
	1 symbol DMRS accounted



Table5 PUSCH simulation assumptions
	Numerology
	30kHz SCS

	Waveform
	CP-OFDM

	Carrier frequency 
	Config A: 4GHz
Config B: 700MHz

	Antenna config
	1T8R

	Antenna pattern
	0dB omni-directional gain

	channel model
	TDL-C,  363ns

	Speed
	3km/h

	Channel estimation
	Non-ideal

	Data and RB allocation
	TBS = 256 bits :
12-os, MCS4,12RB

	Transmission scheme
	No HARQ

	Overhead
	1 symbol DMRS accounted



LLS simulation results at preprocessing SINR point are given in Table 6.
Table 6:  LLS simulation results for PDCCH, PDSCH and PUSCH
	Carrier frequency
	SINR（5%）
	Channel
	BLER

	700MHz
	DL:  -2.5dB
	PDCCH (AL=16, 34bits, 48RB)
	7.1E-06

	
	
	PDSCH (7-os, MCS1, 46RB)
	2.86E-06

	
	
	PDSCH (4-os, MCS5, 37RB)
	<1.67 E-05

	700MHz 
Molde A
	UL: -4.5dB
	PUSCH (12-os, MCS4,12RB)
	<7.69E-6

	700MHz 
Molde B
	UL: -0.34dB
	PUSCH (12-os, MCS4,12RB)
	<7.69E-6

	4GHz 
Molde B
	UL: -2.5dB
	PUSCH (12-os, MCS4,12RB)
	<7.69E-6



4 Total reliability analysis
4.1 DL reliability
For the DL transmission scheme as shown in figure 3, DL total reliability (without soft combination) can be expressed as：

                                       (1)
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Figure 3: DL transmission scheme
There are two cases evaluated:
Case 1. One shot, non-slot transmission (M=1)
For one shot transmission with 7-os PDSCH (MCS1, 46RB), total reliability at 5%-tile SINR point is given in Table 7.
Table 7: One shot non-slot transmission for Config. B
	Carrier frequency
	SINR
	PDSCH
	p1
	p2 
	One shot total reliability


	700MHz
	-2.5
	7-os, MCS1, 46RB
	0.9999929
	0.9999971
	0.99999004288


Observation 1:  DL one shot non-slot transmission has less than 10-5 error and successful probability can reach the requirement of 1-10-5.
Case 2. One transmission tempt with M>1
For one transmission tempt, i.e. K=1, if (non-)slot aggregation scheme is conducted with M = 2, non-slot length = 4 symbols (with MCS5, 37 RB) total reliability result at 5%-tile SINR point is given in Table 8.
Table 8: One transmission tempt reliability with M = 2 for Config B
	Carrier frequency
	SINR
	PDSCH
	p1
	p2 
	K=1， M = 2 total reliability

	700MHz
	-2.5
	4-os, MCS5, 37RB
	0.9999929
	0.9999923esultsen in Table 7.t on nfor PDCCH, PDSCH and PUSCH
 listed in Table 6.

	0.9999929



Observation 2:  DL One transmission tempt with M = 2 has less than 10-5 error and successful probability can reach the requirement of 1-10-5.
It is noted that with higher M, e.g. M = 3 would further improve the reliability.
4.2 UL reliability
For the UL grant free transmission scheme as shown in figure 4, UL total reliability (without soft combination) can be expressed as 

                                                            (2)
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Figure 4: UL data transmission without grant
For the following case:
Case 1. One shot, slot-based transmission (M=1)
For one shot transmission with 12-os PDSCH (MCS4,12RB), total reliability at  5%-tile SINR point is given in Table 9.
Table 9: One shot non-slot transmission for Config B
	Carrier frequency
	SINR
	PUSCH
	p2
	One shot total reliability

	700MHz
Model A
	-4.5dB
	12-os, MCS4,12RB
	0.9999971
	0.9999923

	700MHz
Model B
	-0.34dB
	12-os, MCS4,12RB
	0.9999971
	0.9999923

	4GHz
Model B
	-2.5dB
	12-os, MCS4,12RB
	0.9999971
	0.9999923



Observation 3:  UL one shot slot transmission has less than 10-5 error and successful probability can reach the requirement of 1-10-5.
5 UP latency analysis
It is found from above results of reliability that when M = 1 with 7OS and 12OS as non-slot based for DL and slot-based forUL respectively and M = 2 with 4OS as non-slot for DL can reach the requirement of 1-10-5. But it is noted that only slot-based slot aggregation is supported in the spec. Even when M=2, the latency following slot-based cases as analyzed in [7] is hard to fulfill 1ms requirements. Furthermore, RB number allocation should not exceed the bandwidth configuration for DL, i.e. 51 RB for 20MHz bandwidth and that for UL should be aligned with RB applied for SLS SINR achievement. 
There are two evaluation results:
A.M = 1 with 7OS and 12OS as non-slot for DL and UL respectively. For this single shot non-slot-based evaluation, UP latency is as follows: (this scheme is supported by spec and required RB number is also legal)
Table 11: One shot scheme latency for UE capability #2, 30kHz SCS
	Scheme
	UP latency calculation method
	FDD
	TDD (DSUUD)
	TDD (DU)

	7 OS PDSCH
	Average method
	0.5
	0.77
	0.45

	
	Best case method
	0.43
	0.43
	0.43

	12 OS PUSCH
	Average method
	0.80
	1.33
	0.99

	
	Best case method
	0.68
	0.68
	0.68



B. M = 2 with 4OS as non-slot for DL. This is one transmission tempt with two non-slot aggregation by non-slot based latency (this scheme is not yet supported by spec)
Table 12: M=2 scheme latency for UE capability #2, 30kHz SCS
	Scheme
	UP latency calculation method
	FDD
	TDD (DSUUD)
	TDD (DU)

	4 OS PDSCH
with M=2
	Average method
	0.74
	1.24
	1.11

	
	Best case method
	0.68
	0.68
	0.68

	4 OS PUSCH
with M=2
	Average method
	0.92
	1.98
	1.3

	
	Best case method
	0.68
	0.68
	0.68



Observation 5: Both A and B can fulfill 1 ms latency under conditions of 30kHz SCS for UE capability #2.
6 Conclusion
In this contribution, reliability evaluation is discussed and the following observations are provided:
Observation 1:  DL one shot non-slot transmission has less than 10-5 error and successful probability can reach the requirement of 1-10-5.
Observation 2:  DL One transmission tempt with M = 2 has less than 10-5 error and successful probability can reach the requirement of 1-10-5.
Observation 3:  UL one shot slot transmission has less than 10-5 error and successful probability can reach the requirement of 1-10-5.
Observation 4: UL One transmission tempt with M = 2 has less than 10-5 error and successful probability can reach the requirement of 1-10-5.
Observation 5: Both A and B can fulfill 1 ms latency under conditions of 30kHz SCS for UE capability #2.
More evaluation results would be provided in near future. 
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Appendix I	
Simulation assumption of SLS part for reliability 
	
	Urban Macro - URLLC

	Evaluation configuration
	Configuration A,
 Configuration B

	Carrier frequency for evaluation
	Configuration A : 4 GHz 
Configuration B :700 MHz

	Multiple access (DL/UL)
	OFDMA

	Duplexing
	FDD

	Transmission scheme
	DL: SU-MIMO with rank 1
UL: SIMO

	BS antenna height
	25 m

	Total transmit power per TRxP
	46 dBm for 10 MHz bandwidth

	UE power class
	23 dBm

	Percentage of high loss and low loss building type
	100% low loss (applies to Channel model B)

	Inter-site distance
	500m

	Number of antenna elements per TRxP
	Config A: 64 Tx/Rx, (M,N,P,Mg,Ng) = (8,4,2,1,1)
Config B: 16 Tx/Rx, (M,N,P,Mg,Ng) = (8,1,2,1,1)
 (dH,dV) = (0.5, 0.8)λ, +45°, -45° polarization

	Number of TXRU per TRxP
	DL Config A: 8TXRU, (Mp,Np,P,Mg,Ng) = (1,4,2,1,1)
DL Config B: 2TXRU, (Mp,Np,P,Mg,Ng) = (1,1,2,1,1)
UL Config A: 8TXRU, (Mp,Np,P,Mg,Ng) = (1,4,2,1,1)
UL Config B: 8TXRU, (Mp,Np,P,Mg,Ng) = (4,1,2,1,1)

	Number of UE antenna elements
	Config A: 4Tx/Rx, (M,N,P,Mg,Ng) = (1,2,2,1,1)
Config B: 2Tx/Rx, (M,N,P,Mg,Ng) = (1,1,2,1,1)
UL: 1Tx/Rx, (M,N,P,Mg,Ng) = (1,1,1,1,1)
(dH,dV) = (0.5, N/A)λ0°,90° polarization

	Number of TXRU per UE
	DL Config A: 4TXRU (1-to-1 mapping)
DL Config B: 2TXRU (1-to-1 mapping)
UL: 1 TXRU (1-to-1 mapping)

	Device deployment
	80% outdoor ,20% indoor
Randomly and uniformly distributed over the area

	UE speeds of interest
	3 km/h for indoor and 30 km/h for outdoor

	Traffic model
	Full buffer

	Simulation bandwidth
	10 MHz

	UE density
	10 UEs per TRxP

	UE antenna height
	1.5 m

	Channel model variant
	Alt. 1: Channel model A
Alt. 2: Channel model B

	TRxP number per site
	3

	Mechanic tilt
	90° in GCS (pointing to horizontal direction)

	Electronic tilt
	99° in LCS

	Handover margin (dB)
	0

	TRxP boresight
	30 / 150 / 270 degrees

	UT attachment
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0

	Wrapping around method
	Geographical distance based wrapping

	Minimum distance of TRxP and UE
	d2D_min=10m

	Polarized antenna model
	Model-2 in TR36.873

	Numerology
	one slot with 30 kHz SCS

	Scheduling
	PF

	Receiver
	MMSE-IRC

	Pre-processing SINR calculation
	Aligned with Section 2.1.1 in R1-1805643
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