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1	Introduction
[bookmark: _GoBack]In this contribution, we discuss the evaluation of the reliability performance indicator for the self-evaluation of NR for IMT-2020 and provide performance results.  This contribution is an updated version of R1-1807285.
2 [bookmark: OLE_LINK13]Discussion of Evaluation Methods
For the IMT-2020 self-evaluation, the reliability performance indicator is evaluated in the Dense Urban – URLLC test environment using the following steps [2]:
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.
Use the CDF for the Urban Macro-URLLC test environment to save the respective 5th percentile downlink or uplink SINR value.
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.
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.
[bookmark: _Hlk513658662]The required delay and required success probability referred to in Step 4 are 1 ms and , respectively, using transmission of 32 byte packets (100 byte packets are encouraged) [1].  Equivalently, the required error probability is  under the same delay requirements.  The delay is defined in [1] as the time from the packet arrival at the transmitter layer 2/3 interface (ingress) to its departure at the receiver layer 2/3 interface (egress).
3	System Simulation Results
The system simulations follow the Urban Macro – URLLC configurations given in [2] with additional parameters given in Table 3 .  Full buffer simulations are run for both Configuration A at a carrier frequency of 4 GHz and Configuration B at a carrier frequency of 700 MHz, both using channel model A (UMa_A).  All simulations were run using a bandwidth of 10 MHz.  Distributions of the post-processing SINR’s were collected from the simulation results and are shown in Figure 1.  The 5th percentile SINR’s were extracted from the distributions and are shown in Table 1.  
The 5th percentile (cell edge) SINR’s in the Urban Macro – URLLC environment for Configuration A (4 GHz) are 14.52 dB in DL and 3.20 dB in UL.  The 5th percentile SINR’s for Configuration B (700 MHz) are 9.41 dB in DL and 8.04 dB in UL.
[image: ]
[bookmark: _Ref510625846]Figure 1.  Full Buffer post-processing SINR distributions using UMa_A.
[bookmark: _Ref513657200][bookmark: _Hlk513718945]Table 1.  Summary of Results
	Configuration
	5th %-ile SINR [dB]

	Config. A (4 GHz), DL, FDD
	14.52

	Config. A (4 GHz), UL, FDD
	3.20

	Config. B (700 MHz), DL, FDD
	9.41

	Config. B (700 MHz), UL, FDD
	8.04



4	Link Simulation Results
Link simulations were run for the PDCCH, PUCCH, and data (PDSCH/PUSCH) channels in order to assess the overall transmission reliability which depends on the successful transmission of both control and data signals.  The link simulation assumptions are found in [2] with additional details in Table 4.  Simulations are performed using 1 transmit antenna and 1 receive antenna with omnidirectional antennas because antenna effects are taken into account in the system level simulations.
The link performance of the PDCCH is shown in Figure 2 where the performance for aggregation levels of 4, 8, and 16 are shown.  The simulations use a 39 bit payload on 1 OFDM symbol with precoder cycling at 4 GHz.  There is no performance difference at a carrier frequency of 700 MHz.
For PUCCH, link performance results are shown in Figure 3 with results given for NACK2DTX and NACK2ACK.  The simulations assume PUCCH format 0 with a 1 RB allocation using 2 OFDM symbols with frequency hopping.
Data channel link performance (PDSCH/PUSCH) was simulated for mini-slots with 4 and 7 OFDM symbols per slot using 30kHz subcarrier spacing using the TDL-C NLoS channel (363 ns delay spread).  Results are shown in Figure 4.  The number of data bits per slot was 256 bits (32 bytes, CRC overhead not considered) for both 4 and 7 symbols per slot. The 1ms latency requirement with URLLC can be met with these four and seven symbol mini-slots.  From these results, we can see that an SINR of at least 5.2 dB is required to achieve a BLER of less than  with 7 symbols/slot.  With 4 symbols/slot, an SINR of at least 7.5 dB is required.  These values provide a lower bound for data channel reliability as control channel reliability is also taken into account.
Since the 5th percentile SINR for the 4 GHz UL case does not meet the SINR requirements for the NLoS channel, link simulations were also performed for the data channel in the TDL-E LoS channel (93 ns delay spread).  Results are shown in Figure 5. The data channel performance in the TDL-E channel is significantly better and the required SINR to achieve a BLER of less than  is  -1.7 dB and 0.6 dB for 7 symbols/slot and 4 symbols/slot, respectively.
URLLC service with FR1 is limited to 15kHz and 30kHz subcarrier spacing for the mobile terminals which are studied here.  As noticed in [3,4], 30kHz is better suited for lower latency communication due to the shorter symbol duration.  Table 2 shows the latency for FDD with 30kHz subcarrier spacing using similar assumptions to those in [3,4].  In particular, semi-persistent scheduling (SPS) or blind grant is used for the UL. We see as in [3,4] that 2, 4, 7 and 14 symbols provide acceptable latency for URLLC service.
[bookmark: OLE_LINK14]Table 2.  DL and UL latency analysis for 30kHz subcarrier spacing (UL with SPS or blind grant).
	
	Latency [ms], symbols

	#trans.
	14
	7
	4
	2

	1
	0.93
	0.54
	0.39
	0.29

	2
	2.14
	1.27
	0.89
	0.64

	3
	3.36
	1.98
	1.39
	1.00
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[bookmark: _Ref513657730]Figure 2.  PDCCH performance
[image: ]
[bookmark: _Ref513658017]Figure 3.  PUCCH performance
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[bookmark: _Ref513658352]Figure 4.  PDSCH/PUSCH performance on TDL-C NLoS channel
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[bookmark: _Ref513721357]Figure 5.  PDSCH/PUSCH performance on TDL-E LoS channel
The total reliability is calculated using the methodology described in [3] where the effects of control and data channel reliability are combined over one or more HARQ transmission attempts.  A retransmission gain of around 2 dB is assumed with soft combining of all transmissions and using 4 OFDM symbols per slot (gain is seen in Figure 4).  For both downlink and uplink, one front loaded DMRS is used as overhead and a full band (10 MHz) allocation is used for PDSCH and PUSCH. An aggregation level of 16 is selected for the PDCCH and the payload is 39 bits.  Results are shown in Figure 6 through Figure 9 as a function of the percentile, where the BLER must be less than or equal to  at the 5th percentile.  The TDL-C channel has been used for all cases except the 4 GHz UL where the TDL-E channel has been used for data channel performance.  In all four cases, NR can meet the IMT-2020 requirements.
NR can meet the IMT-2020 reliability requirements for Configuration A (4 GHz) DL with a single transmission attempt with a NLoS channel.
NR can meet the IMT-2020 reliability requirements for Configuration A (4 GHz) UL with a single transmission attempt with a LoS channel.
NR can meet the IMT-2020 reliability requirements for Configuration B (700 MHz) DL and UL with a single transmission attempt with a NLoS channel.

[image: ]
[bookmark: _Ref513719583]Figure 6.  Total DL Reliability for Configuration A (4 GHz)
[image: C:\Users\a00130\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\total_reliability_UL_4GHz_cdlE.PNG]
Figure 7.  Total UL Reliability for Configuration A (4 GHz)
[image: ]
Figure 8.  Total DL Reliability for Configuration B (700 MHz)
[image: ]
[bookmark: _Ref513719588]Figure 9.  Total UL Reliability for Configuration B (700 MHz)
5	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we have discussed the evaluation methods to use for evaluating the reliability performance indicator for the IMT-2020 self-evaluation of NR and provided performance results.  The observations in this contribution may be summarized as:
1. The 5th percentile (cell edge) SINR’s in the Urban Macro – URLLC environment for Configuration A (4 GHz) are 9.41 dB in DL and 8.04 dB in UL.  The 5th percentile SINR’s for Configuration B (700 MHz) are 14.52 dB in DL and 10.61 dB in UL.
1. NR can meet the IMT-2020 reliability requirements for Configuration A (4 GHz) DL with a single transmission attempt with a NLoS channel.
1. NR can meet the IMT-2020 reliability requirements for Configuration A (4 GHz) UL with a single transmission attempt with a LoS channel.
1. NR can meet the IMT-2020 reliability requirements for Configuration B (700 MHz) DL and UL with a single transmission attempt with a NLoS channel.
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Appendix	

[bookmark: _Ref471471514]Table 3.  System Simulation Parameters
	Parameter
	Value

	Environment
	Urban Macro - URLLC

	Channel model
	UMa_A

	Carrier frequencies
	4 GHz (Configuration A), 700 MHz (Configuration B)

	System bandwidth
	4 GHz DL and UL:  10MHz
700 MHz DL and UL:  10MHz

	Subcarrier spacing
	15kHz

	Duplex mode
	FDD

	Traffic model
	Full buffer

	gNB transmit power
	46 dBm

	UE transmit power
	23 dBm

	gNB antenna element configuration
	4 GHz:  (M,N,P) = (8,16,2), (dV,dH) = ( 0.8, 0.5 ) λ, 
700 MHz:  (M,N,P) = (4,8,2) , (dV,dH) = ( 0.8, 0.5 ) λ
+45°, −45° polarization and 90° mechanical downtilt (GCS) in both cases

	gNB antenna virtualization
	4 GHz:  (M,N,P) = (1,16,2)
700 MHz:  (M,N,P) = (1,8,2)
99° electronic downtilt (LCS) in both cases

	UE antenna config.
	4 GHz:  (M,N,P) = (1,4,2), dH = 0.5 λ
700 MHz:  (M,N,P) = (1,2,2), dH = 0.5 λ
1-to-1 mapping and 0°, 90° polarization in both cases

	UE antenna pattern
	Omni

	Receiver
	MMSE with channel estimation error and interference modeling.

	MIMO Transmission scheme
	Rank 1 SU-MIMO with ideal EBF

	Scheduler
	PF with wideband scheduling

	Uplink power control
	4 GHz:  P0 = −113 dBm, α = 1.0
700 MHz:  P0 = −95 dBm, α = 0.8





[bookmark: _Ref513657648]Table 4.  Link Simulation Parameters
	Parameter
	Value

	Carrier frequency
	4 GHz

	Subcarrier spacing
	30 kHz

	Waveform
	CP-OFDM

	Bandwidth
	10 MHz (24 PRB’s for data, 1RB for PUCCH), 20MHz for PDCCH

	Slot structure
	4 symbols (1xDMRS+3xData)
7 symbols (1xDMRS+6xData)

	Codec
	LDPC

	HARQ
	No HARQ

	Data bits/slot
	PDSCH/PUSCH: 256 bits (4 symbols), 256 bits (7 symbols), PDCCH: 39 bits, PUCCH: 1 bit

	Antennas
	1Tx/1Rx

	DMRS
	1xDMRS, Config. 1, 3.0 dB power boost

	Channel estimator
	2x1D (FD: Wiener, TD: sample-and-hold)

	Channel model
	TDL-C, 363ns at 3km/h, TDL-E, 93ns at 3km/h
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