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Introduction
The ITU target for reliability in IMT 2020 has been set to 10-5 error within 1ms for a 32B packet [1]. In this paper, we go through the evaluation steps as defined in [1] and relate the results to the NR Rel-15 capabilities.
[bookmark: _Ref178064866]Discussion
System-level simulations
The assumptions for the SLS are given in Table 1, with values that have been aligned with the calibration campaign for ITU self-evaluation.
[bookmark: _Ref498514031]The results are produced for both the Config. A (4GHz) and Config. B (700MHz) while considering list of simulation assumption which are presented in Table 1.
For Configuration A, the total gain (including antenna gain) is presented in Figure 1 for UMa model A and Model B. The resulting SINR at full load (cell utilization 1) is drawn in Figure 2. The cell-edge (5th percentile) SINR is found to be 0.05 dB (in DL) and 5.8 dB (in UL) for channel model UMa A, and 0.25 dB (DL) and 6.0 dB (UL) for channel model UMa B.
For configuration B, the total gain (including antenna gain) is given in Figure 1 for UMa models A and B. The resulting SINR at full load (cell utilization 1) is given in Figure 2. The cell-edge (5th percentile) SINR is found to be -2.3 dB (in DL) and -1.6 dB (in UL) for channel model UMa A, and -2.5 dB (DL)  and -1.7 dB (UL) for channel model UMa B.
Table 1. Assumptions for the system-level simulations.
	Configuration
	URLLC configuration A
	URLLC configuration B

	Carrier frequency 
	4 GHz
	700 MHz

	Bandwidth
	10 MHz
	10 MHz

	Path loss model
	UMa A/B with SCM (for ZOD)
	UMa A/B with SCM (for ZOD)

	BS antenna
	Antenna array V x H (Vs x Hs) 8 x4 (8x1)
	Sector antenna (8 rows)

	Tilt
	9 degrees down tilt
	9 degrees down tilt

	UE antenna
	Isotropic
	Isotropic

	Traffic
	Full buffer
	Full buffer

	UL power control
	Alpha=1, P0=-106dBm
	Alpha=1, P0=-106dBm

	UL allocation
	5PRB (10UEs sharing 50PRBs)
	5PRB (10UEs sharing 50PRBs)
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[bookmark: _Ref510794664][bookmark: _Ref510794654]Figure 1. Total gain for URLLC configuration A.
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[bookmark: _Ref510794727]Figure 2. SINR distribution for URLLC configuration A.
[bookmark: _Toc510742722]The cell-edge SINR for URLLC Conf. A is approximately 0.05 dB (in DL) and 5.8 dB (in UL) for channel model UMa A, and 0.25 dB (DL) and 6.0 dB (UL) for channel model UMa B.
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Figure 3. Total gain for URLLC configuration B.
[image: ]
Figure 4. SINR distribution for URLLC configuration B.

The cell-edge SINR for URLLC Conf. B is approximately -2.3 dB (in DL) and -1.6 dB (in UL) for channel model UMa A, and -2.5 dB (DL)  and -1.7 dB (UL) for channel model UMa B.
Link-level simulations
The assumptions for LLS are given in Table 2. Two different datasets are used for data and control. For PDCCH a compact URLLC DCI of 34 bits including CRC is assumed. For the short PUCCH (1os) we have assumed a payload of 1 bit and repetition after frequency hopping.
The resulting BLER as function of SNR for the control channels is shown in Figure 3, and for LDPC data channels in Figure 4.
[bookmark: _Ref498514534][bookmark: _Ref498514524]Table 2. Assumptions for the link-level simulations.
	Channel model
	TDL-C with 300ns delay spread

	Carrier
	Control: 700MHz, 20MHz BW
Data: 4GHz, continuous allocation of BW

	Antenna setting
	2TX 2RX (data), 1TX 2RX (control)

	Speed
	3km/h

	Channel estimation
	Practical

	PUCCH
	1os Sequence selection short PUCCH repeated after frequency hopping between band edges

	PDCCH
	Polar code. 34b payload incl. CRC. Distributed CCEs

	Data
	LDPC, BG2, 256b
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[bookmark: _Ref498514674]Figure 3. Sequence selection Short PUCCH and PDCCH BLER as function of SNR.
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[bookmark: _Ref498514698]Figure 4. Data (1st attempt) LDPC BLER for QPSK with different code rates as function of SNR.
Total reliability
[bookmark: _Ref506467322]With a few exceptions, the discussion here assumes that the retransmissions are uncorrelated, which is reasonable to assume if e.g. retransmissions are done on a different frequency allocation. In the following we will write the success probabilities on the channel level according to Table 3, and find expressions for the total success rate , where  is the residual error rate.
[bookmark: _Ref510774126]Table 3: Success probabilities for calculating total reliability
	Probability
	Description

	p0
	SR

	p1
	PDCCH

	p2
	PDSCH/PUSCH

	p3
	PUCCH NACK detection

	p4
	PUCCH DTX detection



DL data, HARQ-based
In the DL we can describe the total reliability after N transmission as:

Where and for any positive integer k,   is the probability of a data block being correctly received after exactly k transmissions are soft combined. In this expression the DL control transmissions are seen as uncorrelated with each other and with data. This is an approximation, but can be motivated by e.g. moving the DL control between attempts. The data attempts are correlated with each other.

DL data, automatic repetitions
For the case of automatic repetitions, we can consider two cases, either with one DL control per DL repetition, or only one DL control. Based on the above expression we derive the following expressions:

Single-DCI repetition:
for the assumption of correlated repetitions. However, given the short time between attempts and the coherence time at moderate speeds, it is also reasonable to see the repetitions as parts of one continuous transmission, giving instead

corresponding to one longer transmission. Here, we can note the strict dependence on DL control; if it is not detected it doesn’t matter how many times the data is repeated.
Multi-DCI repetition: 
If we don’t see the transmissions as independent compared to the coherence time, and taking into account that the DL control is not soft combined we can use the expression

Where  is the probability of correctly decoding n DL control transmissions. This means that if only one DL control is decoded, only one data transmission can be combined, but if two DL control are detected, two data transmissions can be soft combined and the total success rate increases. An approximation of  can give e.g.

UL data, SR-based
With SR-based UL scheduling the total reliability can be described as:

for a repetition of M times SR, and N times UL grant and data transmissions/retransmissions. 

UL data, SPS-based
With SPS-based scheduling instead we remove the SR step (p0 = 1) and the first DL control, and the total reliability can be described as:

Assuming perfect energy detection performance on the PUSCH resource.

UL data, SPS-based repetition
For the case of SPS-based automatic repetitions, p1 = 1, and we have the following expression:

which only relies on the data channel performance. As for the case of DL repetition we can instead consider the repetitions as part of a longer transmission:

This relies on the fact that the BS can detect the start and end of a repetition sequence. This is possible for instance if a certain DMRS pattern is configured such that the presence of a DMRS in a symbol indicates a certain position in the repetition sequence.

Reliability estimate URLLC conf. A UMa B 
Based on the above expressions for DL and UL data, and the link simulations results, we can evaluate the total reliability. Looking at the lower percentiles for URLLC conf. A UMa B we find the channel BLER at the corresponding UL and DL SINR points. We assume AL16 for PDCCH and 1% D2A level on PUCCH. For UL we assume SPS with a configured resource every TTI. For both DL and UL 1-3 transmission attempts (including HARQ retransmissions) are considered. The data transmissions are assumed to be correlated and are soft combined.
[image: ]
Figure 5. Total reliability for DL data with 1-3 HARQ transmissions at lowest percentiles assuming correlated transmissions.
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Figure 6. Total reliability for UL data with 1-3 HARQ transmissions at lowest percentiles with SPS-based scheduling assuming correlated transmissions.

With 3 transmissions of a code rate of 1/10 the reliability target of 10-5 error can be met in DL and in UL with SPS.
Packet size
The ITU requirement states that a packet of 32B should fulfil the latency and reliability target. With QPSK modulation and a code rate of 1/40 to 1/5 and an overhead of one OFDM symbol, the required #PRBs per such transmission is given in Table 1. Here, the TBS is assumed to be exactly 32B, and CRC is not considered.
[bookmark: _Ref498096542]Table 4. Required #PRBs for 32B packet and 1OFDM symbol OH, at different code rates.
	#PRBs
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI

	Code rate 1/5
	5
	9
	18
	54

	Code rate 1/10
	9
	18
	36
	107

	Code rate 1/20
	17
	36
	72
	214

	Code rate 1/40
	33
	72
	143
	427



With code rate 1/10 and a 4-os mini-slot, 36PRBs are required for a 32B packet.

Total latency
In a companion paper [2] we evaluate the UP latency for a sequence of transmissions. It is found that 2 HARQ transmissions are possible within the latency bound of 1ms for the 30kHz SCS and 4-os mini-slot configuration, see Table 1. With automatic back-to-back repetitions, 4 transmissions are possible with the same configuration, see Table 3. Thus, the ITU reliability requirement of 10-5 error within 1ms can be met.
[bookmark: _Ref498096034]Table 5. Maximum #transmissions and HARQ retransmissions in FDD within 1ms.
	#TX within 1ms
	15kHz SCS
	30kHz SCS
	120kHz SCS

	
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI

	DL data
	0
	0
	1
	1
	0
	1
	2
	2
	2
	3
	4
	5

	UL data (SPS)
	0
	0
	1
	1
	0
	1
	2
	2
	2
	3
	4
	5



[bookmark: _Ref498510200]Table 6. Maximum #transmissions and automatic repetitions in FDD within 1ms.
	#TX within 1ms
	15kHz SCS
	30kHz SCS
	120kHz SCS

	
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI
	14-os TTI
	7-os TTI
	4-os TTI
	2-os TTI

	DL data
	0
	0
	1
	3
	0
	2
	4
	9
	5
	12
	22
	46

	UL data (SPS)
	0
	0
	1
	3
	0
	2
	4
	9
	5
	12
	22
	46



With 30kHz SCS and 4-os mini-slot 4 transmissions can be made in FDD within 1ms.
The ITU target on Reliability can be met with NR.

Conclusion
In section 2 we made the following observations:

1. The cell-edge SINR for URLLC Conf. A is approximately 0.05 dB (in DL) and 5.8 dB (in UL) for channel model UMa A, and 0.25 dB (DL) and 6.0 dB (UL) for channel model UMa B.
1. The cell-edge SINR for URLLC Conf. B is approximately -2.3 dB (in DL) and -1.6 dB (in UL) for channel model UMa A, and -2.5 dB (DL) and -1.7 dB (UL) for channel model UMa B.
With 3 transmissions of a code rate of 1/10 the reliability target of 10-5 error can be met in DL and in UL with SPS.
With code rate 1/10 and a 4-os mini-slot, 36PRBs are required for a 32B packet.
With 30kHz SCS and 4-os mini-slot 4 transmissions can be made in FDD within 1ms.
The ITU target on Reliability can be met with NR.

[bookmark: _In-sequence_SDU_delivery]The observations above can be used as a starting point for discussion on reliability in the self-evaluation study item.
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