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Introduction
In this contribution, preliminary reliability evaluation results based on IMT-2020 methodology are presented. In section 2, the assumptions are outlined while in section 3 the DL reliability is discussed and evaluated by system level and then by link level modeling of PDCCH and PDSCH.
The IMT-2020 methodology for reliability defined in [1] is followed with the following steps:
	· 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 


[bookmark: _Ref521675410]Assumptions and Pathgain Statistics
First in this section we present the system-level assumptions taken for evaluation and the resulting total gain association statistics. The assumptions are summarized in Table 1.
[bookmark: _Ref521679024]Table 1. System-level evaluation parameters for SINR derivation.
	Parameters
	Urban Macro

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

	BS antenna height
	25 m

	Total transmit power per TRxP
	46 dBm per 10 MHz bandwidth

	UE power class
	23 dBm

	min UE power
	-40 dBm

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

	Inter-site distance
	500 m

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

	Number of UE antenna elements 
	2 Tx/Rx, (M,N,P,Mg,Ng) = (1,1,2,1,1)
0°, 90° polarization

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

	UE mobility model
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction

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

	Inter-site interference modeling
	Explicitly modelled

	BS noise figure
	5 dB

	UE noise figure
	7 dB

	BS antenna element gain
	8 dBi

	BS antenna element pattern
	According to TR 36.873

	UE antenna element gain
	0 dBi

	UE antenna element pattern
	Omni-directional

	Thermal noise level
	-174 dBm/Hz

	Simulation bandwidth
	40 MHz

	UE density
	10 UEs per TRxP

	UE antenna height
	1.5 m

	Channel model variant
	Channel model B, IMT-2020 Urban Macro

	TRxP number per site
	3

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

	Electronic tilt
	99° in LCS

	Handover margin (dB)
	0 (i.e., the strongest cell is selected)

	TRxP boresight
	30 / 150 / 270 degrees 

	UE 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 

	Traffic model     
	Full buffer (Note: it is for SINR CDF distribution derivation)


Further, following the listed assumptions we first derive the results coupling loss / pathgain statistics mainly for calibration purposes as showed in Figure 1.
[image: ]
[bookmark: _Ref521679205]Figure 1. UE useful pathgain statistics, IMT-2020 URLLC UMa Config A/B in channel model B.

Link-level evaluation assumptions are summarized in Table 2.
[bookmark: _Ref521684825]Table 2. Common link-level evaluation parameters
	Parameters
	Values

	Channel model
	TDL-C, 300 ns delay spread

	UE speed
	3 km/h

	System BW
	40 MHz (106 PRB)

	Numerology
	30 kHz

	UE antenna
	Config A: 4 RX, low correlation
Config B: 2 RX, low correlation

	BS antenna
	2 TX, uncorrelated

	TX diversity
	PDCCH and PDSCH - based on precoder cycling

	Channel estimation
	Practical

	PDCCH
	1 symbol CORESET, AL 16

	DCI payload
	40 bit + 24 bit CRC

	PDSCH
	6 symbols after PDCCH
Mapping type B
65 PRB

	PDSCH DMRS
	Type 1
No additional DMRS

	PDSCH MCS
	MCS#0 of low SE table
(QPSK, CR = 30/1024)
TBS = 256 bit



[bookmark: _Ref521693328]DL Reliability
System Level Part (Steps 1-2)
In this section, following the evaluation assumptions in Table 1, the DL geometry for both cases of carrier frequency are derived and showed in Figure 2.
[image: ]
[bookmark: _Ref521679407]Figure 2. DL geometry SINR, IMT-2020 URLLC UMa Config. A/B in channel model B.
From the geometry presented above, the 5-% CDF point provides SINR = -1.9 dB for both configuration A and B. There is no difference for the two considered cases since overall geometry is interference limited. It should be noted, that this is a single-port SINR, wherein multi-antenna gains are assumed to be accounted in link level evaluations.
[bookmark: _Toc516059919][bookmark: _Toc519021861]Link Level Part (Steps 3-4)
It is assumed that 30 kHz subcarrier spacing is taken in 40 MHz system bandwidth. The required 1 ms latency budget needs to at least account for frame alignment delay, TX delay, and UE processing delay for single-shot transmission. Thus, dividing two slots of 30 kHz onto four parts of 7 symbols from UE perspective may result in maximum scheduling at most 7-symbol one-shot PDSCH, given that the first 7 symbols may be spent to frame alignment, and also N1 symbols may be spent for PDCCH+PSDCH processing, where N1 may be 10 or 4.5 symbols for regular and aggressive processing times respectively.


Figure 3. Sketch of DL transmission structure for reliability evaluation.
Assuming the 7 symbol transmission unit, wherein 1 symbol is allocated to PDCCH CORESET and one symbol is carrying DMRS plus data RE as showed in the figure, the resource allocation to carry TBS = 256 bit using MCS#0 from the low SE 64QAM table requires around 65 PRBs, which are taken for further LLS evaluation.
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Figure 4. BLER vs SNR for PDCCH and PDSCH for Config A (4 RX) and Config B (2 RX)
It can be seen, that single-shot performance successfully achieves the requirements in case of Config A where due to high carrier frequency the 4 RX antennas are available at a UE.
[bookmark: _GoBack]In case of Config B and 2 RX at a UE, some assumption on retransmissions is required to hit the -1.9 dB SINR. In this configuration, PDCCH don’t achieve the 1e-5 BLER from one shot. In order to derive the full reliability assuming potential retransmissions, proper assumptions on feedback reliability (D2A, D2N, N2A) should be made. In this contribution, we do not present such calculations e.g. according to the agreed Alt.1 or Alt.2 [2] due to unclear methodology at the moment how to match an UL SINR point and a DL SINR point for proper calculations.
Conclusions
In this contribution, initial reliability evaluation of Rel.15 NR URLLC based on IMT-2020 methodology for DL is provided. It is showed that at least for Configuration A the requirements are fulfilled with single-shot transmission of PDCCH+PDSCH.
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