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1. Introduction
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK166][bookmark: OLE_LINK167]At RAN#75 meeting, a new Study Item on Self Evaluation towards IMT-2020 submission was approved [1] and self-evaluation should be done to test whether NR can meet the ITU-R IMT-2020 requirements or not. The key minimum technical performance requirements are provided in Report ITU‑R M.2410 [2].
[bookmark: OLE_LINK38][bookmark: OLE_LINK39]Reliability relates to the capability of transmitting a given amount of traffic within a predetermined time duration with high success probability. Reliability is the success probability of transmitting a layer 2/3 packet within a required maximum time, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface at a certain channel quality. This requirement is defined for the purpose of evaluation in the URLLC usage scenario. The minimum requirement for the reliability is 1-10-5 success probability of transmitting a layer 2 PDU (protocol data unit) of 32 bytes within 1 ms in channel quality of coverage edge for the Urban Macro-URLLC test environment, assuming small application data (e.g. 20 bytes application data + protocol overhead).
2. Evaluation method and assumptions
2.1 Evaluation method
The evaluator shall perform the following steps in [3] in order to evaluate the reliability requirement using system-level simulation followed by link-level simulations.
Step 1: 	Run downlink or uplink full buffer system-level simulations of candidate RITs/SRITs using the evaluation parameters of Urban Macro-URLLC test environment see § 8.4.1 below, and collect overall statistics for downlink or uplink SINR values, and construct CDF over these values.
Step 2:	Use the CDF for the Urban Macro-URLLC test environment to save the respective 5th percentile downlink or uplink SINR value.
Step 3:	Run corresponding link-level simulations for either NLOS or LOS channel conditions using the associated parameters in the Table 8-3 of this Report, to obtain success probability, which equals to (1-Pe), where Pe is the residual packet error ratio within maximum delay time as a function of SINR taking into account retransmission.
Step 4:	The proposal fulfils the reliability requirement if at the 5th percentile downlink or uplink SINR value of Step 2 and within the required delay, the success probability derived in Step 3 is larger than or equal to the required success probability. It is sufficient to fulfil the requirement in either downlink or uplink, using either NLOS or LOS channel conditions.
2.2 Evaluation assumption
At RAN1#93 meeting, we made consensus in R1-1805643 about how to calculate the URLLC reliability. For system level part, pre-processing SINR should be obtained in step 1 above. For link level part, there are two alternative methods to derive reliability under a given SINR. 
· Alternative 1: The link level simulation (LLS) is conducted for one time transmission of related physical channel (PDCCH, PDSCH, PUCCH, PUSCH, etc.), and LLS provides the successful reception ratio of one time transmission of related physical channel under specific SINR. The reliability is derived by the analytical calculation based on the successful reception ratio and the repetition time of the transmission of the related physical channel, etc. Soft combining is not considered; and each transmission is assumed to be independent.
· Alternative 2: The LLS is conducted for N time transmissions (N=1, 2, 3 …) of related physical channel (PDCCH, PDSCH, PUCCH, PUSCH, etc.), and LLS provides the successful reception ratio of N time transmissions (N=1, 2, 3 …) of related physical channel under specific SINR. The reliability is derived by the analytical calculation based on the successful reception ratio and the repetition time of transmission of the related physical channel, etc. Soft combining effect can be included.
In the following section, we employed alternative 2 in our link level simulation. Thus, the total reliability equations for downlink and uplink could be found in Table 1 and Table 2.
TABLE 1
Successful probability notations for various events
	Successful Probability
	Description

	p0
	Successful probability of SR detection

	p1
	Successful probability of PDCCH transmission

	p2
	Successful probability of PDSCH/PUSCH transmission

	p3
	Successful probability of PUCCH NACK detection

	p4
	Successful probability of PUCCH DTX detection

	pt
	Total reliability (successful probability) for DL or UL


TABLE 2
Calculation equations for DL and UL reliability
	Link direction
	Reliability calculation

	DL
	


	UL
	



In this contribution, we assume k = 1 which means one transmission attempts within 1ms; and one PDSCH/PUSCH in one transmission attempt, which means M = 1.
As a result, we need to derive successful probability of PDCCH, PDSCH/PUSCH (p1 and p2) transmission under the obtained SINR values from link level simulations and then get the total reliability according to the equations in Table 2.
The detailed system and link level simulation assumptions could be found in Appendix.
3. Preliminary evaluation results
3.1 System level part
Figure 1 and Figure 2 provided the DL SINR curves and UL SINR curves respectively of UMa URLLC.

[image: ]
Figure 1 Downlink SINR of UMa URLLC
[image: ]
Figure 2 Uplink SINR of UMa URLLC

From the figures above, we can get the 5th percentile downlink or uplink SINR values as shown in Table 3.
TABLE 3
5th percentile SINR of eMBB URLLC
	Link direction
	Carrier Frequency(Hz)
	Channel Mode
	5% SINR(dB)

	Downlink
	700M
	A
	-2.24

	
	
	B
	-2.05

	
	4G
	A
	-2.28

	
	
	B
	-2.08

	Uplink
	700M
	A
	-2.14

	
	
	B
	-1.32

	
	4G
	A
	-3.87

	
	
	B
	-2.68


3.2 Link level part
Based on the SINR values in Table 3, we conducted link level simulation using the assumptions listed in Appendix to get the successful probability of PDCCH, PDSCH/PUSCH. And the total reliability at 5th percentile SINR point is given in Table 4.
TABLE 4
Total reliability for eMBB URLLC
	Link direction
	Carrier Frequency(Hz)
	Antenna config & Tx scheme
	Channel Mode
	Reliability

	Downlink
	700M
	2x2 SU-MIMO 14os one-shot (1 PDCCH+1 PDSCH)
	A
	>99.9999%

	
	
	
	B
	>99.9999%

	
	4G
	2x8 SU-MIMO 14os(1PDCCH+1PDSCH)
	A
	>99.9999%

	
	
	
	B
	>99.9999%

	Uplink
	700M
	1x2 SIMO, OFDMA, 14os one-shot (1 PUSCH)
	A
	>99.9999%

	
	
	
	B
	>99.9999%

	
	4G
	1x8 SIMO 14os (1 PUSCH)
	A
	>99.9999%

	
	
	
	B
	>99.9999%


And we made an observation:
Observation: NR can fulfill the IMT-2020 requirements on eMBB URLLC reliability.
4. Conclusion
In this contribution, we provide our discussion and initial evaluation results of URLLC reliability.
Observation: NR can fulfill the IMT-2020 requirements on eMBB URLLC reliability.
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6. Appendix
TABLE 5
DL SLS parameters
	Technical configuration Parameters
	Values of 700MHz case
	Values of 4 GHz case

	Multiple access
	OFDMA
	OFDMA

	Duplexing
	FDD
	FDD

	Modulation
	Up to 256QAM
	Up to 256QAM

	Numerology
	30 kHz SCS
	30 kHz SCS

	Simulation bandwidth
	10 MHz
	10 MHz

	DL Transmission scheme
	DL SU-MIMO with rank 1
	DL SU-MIMO with rank 1

	DL codebook
	NR Type I codebook based
	NR Type I codebook based

	DL MU dimension
	N/A
	N/A

	DL SU dimension
	1
	1

	Antenna configuration at TRxP
	2Tx, (8,1,2,1,1; 1,1)
	8Tx, (8,4,2,1,1; 1,4)

	Antenna configuration at UE
	2Rx, (1,1,2,1,1; 1,1)
	4Rx, (1,2,2,1,1; 1,2)

	Scheduling
	PF
	PF

	Receiver
	MMSE-IRC
	MMSE-IRC

	SINR
	Pre-processing SINR as in Section 2.1.1 in R1-1805643
	Pre-processing SINR as in Section 2.1.1 in R1-1805643

	Carrier frequency for evaluation
	700 MHz
	4GHz

	TRxP number per site
	3
	3

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

	Electronic tilt
	99 degree
	99 degree

	Handover margin (dB)
	0
	0

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

	Wrapping around method
	Geographical distance based wrapping
	Geographical distance based wrapping

	Polarized antenna model
	Model-2 in TR36.873
	Model-2 in TR36.873

	Criteria for selection for serving TRxP
	Maximizing RSRP where the digital beamforming is not considered
	Maximizing RSRP where the digital beamforming is not considered


TABLE 6
DL LLS parameters
	Technical configuration Parameters
	Values
	Values

	Carrier frequency for evaluation
	700 MHz
	4 GHz

	Waveform
	CP-OFDM
	CP-OFDM

	Numerology
	30 kHz SCS
	30 kHz SCS

	[bookmark: _GoBack]Simulation bandwidth
	40 MHz
	40 MHz

	Channel model
	TDL-iii(NLOS) ,TDL-v(LOS)
	TDL-iii(NLOS) ,TDL-v(LOS)

	Scaled delay spread
	363ns(NLOS),93 ns(LOS)
	363ns(NLOS),93 ns(LOS)

	UE Speed
	3km/h
	3km/h

	Number of symbols per slot
	14
	14

	Antenna configuration at TRxP
	2 Tx
	8Tx

	Antenna configuration at UE
	2 Rx
	4Rx

	TXRU pattern at TRxP
	0dBi Omni-directional
	0dBi Omni-directional

	TXRU pattern at UE
	0dBi Omni-directional
	0dBi Omni-directional

	PDSCH Transmission mode
	DL SU-MIMO with rank 1
	DL SU-MIMO with rank 1

	Channel estimation
	Realistic
	Realistic

	PDCCH transmission scheme
	DCI format 1-0. 64bit payload includes CRC. Aggregation level = 8
	DCI format 1-0. 64bit payload includes CRC. Aggregation level = 16

	PDSCH Modulation and coding
	LDPC with code rate = 0.03, QPSK
	LDPC with code rate = 0.05, QPSK

	Packet size
	256bit
	256bit

	DMRS configuration
	Type 1 ,1 symbol DMRS
	Type 1 ,1 symbol DMRS


TABLE 7
UL SLS parameters
	Technical configuration Parameters
	Values of 700 MHz case
	Values of 4GHz case

	Multiple access
	OFDMA
	OFDMA

	Duplexing
	FDD
	FDD

	Modulation
	Up to 256QAM
	Up to 256QAM

	Numerology
	30 kHz SCS
	30 kHz SCS

	Simulation bandwidth
	10 MHz
	10 MHz

	UL Transmission scheme
	UL SIMO
	UL SIMO

	UL codebook
	N/A
	N/A

	UL MU dimension
	N/A
	N/A

	UL SU dimension
	1
	1

	SRS transmission
	1T SRS ports
	1T SRS ports

	Antenna configuration at TRxP
	2Rx, (8,1,2,1,1; 1,1)
	8Rx, (8,4,2,1,1; 1,4)

	Antenna configuration at UE
	1Tx, (1,1,1,1,1; 1,1)
	1Tx, (1,1,1,1,1; 1,1)

	Scheduling
	PF
	PF

	Receiver
	MMSE-IRC
	MMSE-IRC

	UL power control parameter
	[0.8,-86]
	[0.8,-106]

	SINR
	Pre-processing SINR as in Section 2.1.1 in R1-1805643
	Pre-processing SINR as in Section 2.1.1 in R1-1805643

	Carrier frequency for evaluation
	700 MHz
	4 GHz

	TRxP number per site
	3
	3

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

	Electronic tilt
	99 degree
	99 degree

	Handover margin (dB)
	0
	0

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

	Wrapping around method
	Geographical distance based wrapping
	Geographical distance based wrapping

	Minimum distance of TRxP and UE
	d2D_min=10m
	d2D_min=10m

	Polarized antenna model
	Model-2 in TR36.873
	Model-2 in TR36.873

	Criteria for selection for serving TRxP
	Maximizing RSRP where the digital beamforming is not considered


TABLE 8
UL LLS parameters
	Technical configuration Parameters
	Values for 700 MHz
	Values for 4 GHz

	Carrier frequency for evaluation
	700 MHz
	4 GHz

	Waveform
	CP-OFDM
	CP-OFDM

	Numerology
	30 kHz SCS
	30 kHz SCS

	Simulation bandwidth
	20 MHz
	20 MHz

	Channel model
	TDL-iii(NLOS),TDL-v(LOS)
	TDL-iii(NLOS),TDL-v(LOS)

	Scaled delay spread
	363ns(NLOS),93 ns(LOS)
	363ns(NLOS),93 ns(LOS)

	UE Speed
	3km/h
	3km/h

	Number of symbols per slot
	14
	14

	Antenna configuration at TRxP
	2 RX
	8 Rx

	Antenna configuration at UE
	1 Tx
	1 Tx

	TXRU pattern at TRxP
	0dBi Omni-directional
	0dBi Omni-directional

	TXRU pattern at UE
	0dBi Omni-directional
	0dBi Omni-directional

	Data Transmission mode
	SIMO
	SIMO

	Channel estimation
	Realistic
	Realistic

	PUSCH modulation and coding
	LDPC with code rate 0.05, QPSK
	LDPC with code rate 0.05, QPSK

	Packet size
	256bit
	256bit
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