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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. Applying the cluster model for ZOD as defined for UMa in [1], we find that 4degrees down tilt gives the best SINR. In the system simulations we find the average, long-term, SINR is logged per receivinge antenna connector. Only one polarization is simulated.
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 -1.4dB and -‑2.4dB in UL and DL, respectively.	Comment by Author: Non-breaking hyphen…
[bookmark: _Ref498514031]Table 1. Assumptions for the system-level simulations.
	Configuration
	URLLC configuration B

	Path loss model
	UMa A/B with SCM (for ZOD)	Comment by Author: Do we need to use both? Doesn'	Comment by Author: In the end we use only UMa B, but since ITU defines both maybe good to show the difference

	BS antenna
	Sector antenna (8 rows), 1 port

	Tilt
	4 degrees down tilt

	UE antenna
	Isotropic

	Traffic
	Full buffer

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

	UL allocation
	5PRB (10UEs sharing 50PRBs)


[image: ]
[bookmark: _Ref498514282]Figure 1. Total gain for URLLC configuration B.
[image: ]
[bookmark: _Ref498514334]Figure 2. SINR distribution for URLLC configuration B.
[bookmark: _GoBack]The cell-edge SINR in UL and DL is approximately -1.4dB and -2.4dB3dB, respectively, in the URLLC Conf. B.	Comment by Author: I state -2.3 dB in the evaluation scenario paper. That’s what I got from the Matlab-figure. Not important, but we should be aligned. Agree to -2.3?

Link-level simulations
The assumptions for LLS are given in Table 2. 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	Comment by Author: Should it not be 363 acc. to ITU assumptions? This is what I proposed in URLLC Evaluation paper.	Comment by Author: Yes, but the link simulations we have were done for 300ns. For next time…

	Carrier
	700MHz, 10MHz BW

	Antenna setting
	1TX 2RX

	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



[image: ]	Comment by Author: Should it be D2A and not D2N in the legend?	Comment by Author: They are the same
[bookmark: _Ref498514674]Figure 3. Sequence selection Short PUCCH and PDCCH BLER as function of SNR.
[image: ]	Comment by Author: Looks a bit strange to me with these wobbling curves. Is it expected, or due to not enough frames simulated?	Comment by Author: Probably poor statistics at low BLER, but I actually think they look quite straight…
[bookmark: _Ref498514698]Figure 4. Data LDPC BLER for QPSK with different code rates as function of SNR.
Total reliability
This assumes that the transmissions 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 for according to 
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



: SR (p0), PDCCH (p1), PDSCH/PUSCH (p2), PUCCH NACK detection (p3), and PUCCH DTX detection (p4).
DL data
In the DL we can describe the total reliability after n transmission/retransmissions as:

UL data
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.
With SPS-based scheduling instead we remove the SR step and the total reliability can be described as:	Comment by Author: This is assuming we get a NACK through PDCCH?	Comment by Author: Yes

Assuming perfect energy detection performance on the PUSCH resource.

Reliability estimate URLLC conf. B 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. B UMa B we find the channel BLER at the corresponding UL and DL SINR points. We assume AL8 for PDCCH and 1% D2A level on PUCCH. For UL we will assume that SPS with a configured resource every TTI. For both DL and UL 1-3 transmission attempts are considered.
[image: ]	Comment by Author: What is the limiting factor for blue dashed to blue dotted? Seems improvement is very limited there.
Figure 5. Total reliability for DL data at lowest percentiles assuming uncorrelated transmissions and code rate .
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Figure 6. Total reliability for UL data at lowest percentiles with SPS-based scheduling.

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 1/20 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 43. 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 0.2
	4
	9
	18
	53

	Code rate 0.1
	8
	18
	36
	107

	Code rate 0.05
	16
	36
	71
	213



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, we may claim that the ITU reliability requirement of 10-5 error within 1ms can be met.
[bookmark: _Ref498096034]Table 54. Maximum #transmissions and HARQ retransmissions in FDD within 1ms.
	#TX within 1ms
	30kHz SCS	Comment by Author: Is not 15 kHz of interest here as well?	Comment by Author: Maybe with 2os, but only time for 1TX
	120kHz SCS

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

	DL data
	1
	2
	2
	2
	>4
	>4
	>4

	UL data (SPS)
	1
	2
	2
	2
	>4
	>4
	>4



[bookmark: _Ref498510200]Table 65. Maximum #transmissions and automatic repetitions in FDD within 1ms.
	#TX within 1ms
	30kHz SCS
	120kHz SCS

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

	DL data
	1
	4
	>4
	>4
	>4
	>4
	>4

	UL data (SPS)
	1
	4
	>4
	>4
	>4
	>4
	>4



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 in UL and DL is approximately -1.4dB and -2.4dB, respectively, in the URLLC Conf. 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 CP latencyreliability in the self-evaluation study item.
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