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1 Introduction

In this contribution, the consideration on self evaluation and initial evaluation results for reliability are provided.
2 Metric, requirement and evaluation of reliability
According to Report ITU-R M.2410, the reliability requirements are defined as in subsection 2.1, and the proposed evaluation approach is provided in subsection 2.2 as follows. 
2.1 Metric definition and requirements
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). 
Proponents are encouraged to consider larger packet sizes, e.g. layer 2 PDU size of up to 100 bytes.
2.2 Evaluation of reliability

The evaluation of reliability is based on a combination of system level and link level simulations. The system level simulation can provide the operation point (e.g., average SINR) from a multi-cell multi-user environment’s perspective, while the link level simulation can further show how a RIT/SRIT can achieve the balance between reliability and latency with affordable complexity (as only a single link needs to be explicitly modelled) at the said operation point.
	The evaluator shall perform the following steps 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.


It is worth mentioning that in Step3, the whole transmission procedure of DL/UL should be taken into account, including both control and data channels, and in some case, maybe other scheduling related channels should also be considered, as they will impact both latency and reliability respectively. The detailed analysis and proposed method are provided in the next section. 
3 Detailed evaluation method for reliability
In this section, we discuss the detailed evaluation method of NR reliability in terms of both DL and UL, considering the new features agreed, e.g., slot aggregation, grant free, etc. 
3.1 SINR derivation
According to the ITU-R evaluation method as shown in Section 2.2, the 5th percentile SINR is to be derived in system level simulation as in Step 2. 
In [6], the pre-processing SINR is proposed for mobility evaluation at least for SU-MIMO. It is observed that the evaluation method and procedure of mobility and reliability is very similar. Therefore it is considered that the pre-processing SINR can also be used in system level simulation for reliability. 
Proposal 1: Pre-processing SINR is used in system level simulation part for reliability evaluation. The calculation method defined in Section 2.1.1 of R1-1805643 can be used as reference.

3.2 Reliability (success probability) derivation
According to the ITU-R evaluation method as shown in Section 2.2, the reliability (success probability) is to be derived based on link level simulation as in Step 3. To facilitate the link level simulation, the following method is proposed.
First, it is note that reliability is connected with both transmission successful probability and transmission/processing time of each channel, thus it is straight forward to define them explicitly before going into details. In Table 1, the notations of successful probability of control and data channels are given. Similarly in Table2, the notations of transmission time and the processing time at UE/gNB are given.

Table 1 Successful probability notations for different channels

	Successful Probability
	Description

	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


Table 2 Transmission and processing time notations for different channels

	Time
	Description

	t1
	PDCCH transmission time

	t2
	PDSCH/PUSCH transmission time

	t3
	PUCCH NACK transmission time

	tp
	gNB/UE L1 processing time


Note that the transmission time of data channel depends on the packet size, SNR, target successful transmission probability, modulation and coding scheme, system bandwidth and numerology. The processing procedure time for UE PDSCH is dependent on the numerology, DM-RS configuration and UE processing capability, as defined in [1]. A successful DL/UL transmission must be confined within the required latency budget, e.g., if the transmission time of a packet is larger than the required latency, even the packet is delivered successfully with e.g., multiple repetitions, the transmission should be taken as a failure. 
3.2.1 DL reliability

In NR, slot aggregation has been supported to reduce the overhead of DL control channel, thus at the same time can improve the reliability performance with low latency. As defined in [1], when the UE is scheduled to receive PDSCH by a DCI, the Time-domain PDSCH resources field of the DCI provides a row index of an RRC configured table [pdsch-symbolAllocation], where the indexed row defines the slot offset K0, the start and length indicator SLIV, and the PDSCH mapping type to be assumed in the PDSCH reception.
In addition, as defined in [2], a UE may transmit one or more PUCCHs on a serving cell in different symbols within a slot of 
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 symbols as defined in [3]. With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 that includes a PDSCH-to-HARQ-timing-indicator field [4] and schedules a PDSCH reception or DL SPS release over a number of symbols where the last symbol is within slot 
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, the UE shall provide corresponding HARQ-ACK information in a PUCCH transmission within slot 
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, where 
[image: image4.wmf]k

 is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format.
Therefore, one complete DL transmission can be composed of one transmission of PDCCH, M transmission of PDSCH and N transmission of PUCCH NACK. If the transmission fails, retransmission can be triggered to further improve the reliability. Therefore with K times of such DL transmissions (including one PDCCH, M transmission of PDSCH and N transmission of PUCCH NACK) as a generic case, the total successful probability can be expressed as
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The latency of K times of such DL transmission (including one PDCCH, M transmission of PDSCH and N transmission of PUCCH NACK) can be expressed as
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For a given DL SINR derived from system level simulation, we can further get the successful probability and latency based on link level simulation and the equations above, then we can adjust the transmission parameters, e.g., M, N, K to see whether and in which case NR can fulfil the reliability requirement of IMT-2020.
3.2.2 UL reliability
For UL transmission, grant free based mechanism is quite important to achieve both reliability and latency gain at the same time. It is defined in [1] that PUSCH transmission(s) can be dynamically scheduled by an UL grant in a DCI, or semi-statically configured to operate according to [5] upon the reception of higher layer parameter of UL-TWG-type1 without the detection of an UL grant in a DCI, or semi-persistently scheduled by an UL grant in a DCI after the reception of higher layer parameter of UL-TWG-type2. It is expected that grant free based UL transmission can obviously reduce the latency, and the repetition in transmission can at the same time improve the reliability performance, thus a good tradeoff between latency and reliability can be achieved. In the following, we focus on the type1 grant free transmission.
One complete UL transmission with grant free type1 can be composed of M transmission of PUSCH, and if failed, a following up PDCCH and N transmission of PUSCH can be added. For K times of such UL transmissions (including M transmission of PUSCH, one PDCCH and N transmission of PUSCH), the total successful probability can be expressed as
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The latency of K times of such UL transmission (including M transmission of PUSCH for the first transmission, and one PDCCH and N transmission of PUSCH for re-transmission) can be expressed as
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Similarly, the operation point of UL SINR can be derived from system level simulation and the transmission capability of each channel on the SINR can be derived from link level simulation. After that, we can analyze the reliability and latency performance according to the above equations (by adjusting the values of M, N, K) and check whether and in which case NR can fulfill the IMT-2020 requirement on reliability.

Proposal 2: To derive the reliability, the following steps are conducted in link level simulation
· Step 1: conducted link level simulation for PDCCH, PDSCH, PUCCH and PUSCH, respectively, to derive the successful probability of one transmission under specific SINR. 
· Step 2: Determine the value of M, N, K that ensures TDL or TUL is less than 1ms;

· Step 3: Calculate the residual packet error ratio (reliability) according to equation (1) or (3) for DL and UL, respectively.

4 Initial evaluation results

In this section, the initial evaluation results for reliability are provided.
In  Figure 1, the pre-processing DL SINR CDFs for Urban Macro - URLLC test environment are provided. The assumptions are provided in Appendix 1.
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Figure 1 DL SINR for Urban Macro - URLLC
In Figure 2, the pre-processing UL SINR CDFs for Urban Macro - URLLC test environment are provided. The assumptions are provided in Appendix 1.
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Figure 2 UL SINR for Urban Macro – URLLC
Based on the above figures, the 5%-tile point of the DL and UL SINR CDF for Urban Macro - URLLC test environment is listed in Table 3.
Table 3 The 5%-tile point of DL and UL SINR CDF for Urban Macro - URLLC test environment
	Test environment
	Evaluation configuration
	DL/UL
	5%-tile point of SINR CDF (dB)

	
	
	
	Channel model A
	Channel model B

	Urban Macro – URLLC
	Config. A (4 GHz)
	DL SINR
	-3.57
	-3.31

	
	
	UL SINR
	-4.84
	-4.39

	
	Config. B (700 MHz)
	DL SINR
	-2.26
	-2.18

	
	
	UL SINR
	-1.94
	-1.42


Observation 1: The cell edge SINR is -3.3dB to -4.8 dB for 4 GHz, and -1.42dB to -2.26dB for 700 MHz.
5 Conclusions

In this contribution, the detailed evaluation method of reliability is discussed and initial evaluation results are provided. The following proposals and observation are made.

Proposal 1: Pre-processing SINR is used in system level simulation part for reliability evaluation. The calculation method defined in Section 2.1.1 of R1-1805643 can be used as reference.

Proposal 2: To derive the reliability, the following steps are conducted in link level simulation

· Step 1: conducted link level simulation for PDCCH, PDSCH, PUCCH and PUSCH, respectively, to derive the successful probability of one transmission under specific SINR. 

· Step 2: Determine the value of M, N, K that ensures TDL or TUL is less than 1ms;

· Step 3: Calculate the residual packet error ratio (reliability) according to equation (1) or (3) for DL and UL, respectively.

Observation 1: The cell edge SINR is -3.3dB to -4.8 dB for 4 GHz, and -1.42dB to -2.26dB for 700 MHz.
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Appendix 1 
Simulation assumption of SLS part for Urban Macro - URLLC test environment
The simulation assumption for system level part of Urban Macro – URLLC test environment is listed in Table A1-1.
Table A1-1. Simulation assumptions for SLS
	
	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
	Configuration A: 64 Tx/Rx, (M,N,P,Mg,Ng) = (8,4,2,1,1), (dH,dV) = (0.5, 0.8)λ

+45°, -45° polarization
Configuration 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
	Configuration A: 8TXRU, (Mp,Np,P,Mg,Ng) = (1,4,2,1,1)

Configuration B: 2TXRU, (Mp,Np,P,Mg,Ng) = (1,1,2,1,1)

	Number of UE antenna elements
	1Tx, 2Rx, (M,N,P,Mg,Ng) = (1,1,2,1,1)

	Number of TXRU per UE
	1TXU, 2RXU 

	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
	Configuration A : 99° in LCS
Configuration B : 100° in LCS

	Handover margin (dB)
	1

	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

	Power control parameters
	Configuration A := 0.8,  P0 = -86 dBm
Configuration B := 0.9,  P0 = -86 dBm

	Numerology
	For 700 MHz: one slot with 30 kHz SCS

For 4 GHz: one slot with 60 kHz SCS

	Scheduling
	PF

	Receiver
	MMSE-IRC

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