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1	Introduction

The ITU target for URLLC reliability in IMT-2020 is set to 99.999% with one-way latency of 1ms for a small packet of size 32B [1]. In this contribution, we provide the updated self-evaluation for NR URLLC reliability following the steps defined in [1].

This contribution is an update of R1-1813126.
[bookmark: _Ref178064866]2	Discussion
The URLLC reliability evaluation shall follow the methodology outlined in [1] below.

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.

In the following sections, we provide full buffer system level simulation results and link level simulation results for NLOS channel conditions. In the end, URLLC reliability of DL and UL transmissions are evaluated within the one-way latency requirement of 1 ms at the 5th percentile downlink and uplink SINR values.

2.1	System-Level Simulations (SLS)
[bookmark: _Ref498514031]System level simulation results are provided for the urban macro URLLC configuration. A (4 GHz) and configuration. B (700 MHz) based on the assumptions given in Table A-1. The full-buffer DL and UL SINR distributions are given in Figures 1 and 2 for URLLC configuration A and B, respectively. 

[image: C:\Users\ezashmu\Documents\MATLAB\Main-ITU-self-eval-20171006\results_ezashmu_RAN1_94bis\URLLC_4GHz_SINR_2x8_4x1.png]
[bookmark: _Ref513546482]Figure 1. Full buffer SINR distribution for URLLC configuration A (4 GHz).
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[bookmark: _Ref521700651]Figure 2. Full buffer SINR distribution for URLLC configuration B (700 MHz).

For URLLC configuration A, the 5th percentile SINR are found to be 1.24 dB (in DL) and 0.52 dB (in UL) for channel model UMa A, and 1.41 dB (DL) and 1.63 dB (UL) for channel model UMa B.
For URLLC configuration B, the 5th percentile SINR are found to be 0.16 dB (in DL) and 0.83 dB (in UL) for channel model UMa A, and -0.06 dB (DL) and 0.65 dB (UL) for channel model UMa B.

[bookmark: _Toc510742722][bookmark: _Toc525925732][bookmark: _Toc525925507][bookmark: _Toc525927151][bookmark: _Toc525928699][bookmark: _Toc525928850][bookmark: _Toc4769832]The 5th percentile SINR for URLLC Conf. A is approximately 1.24 dB (DL) and 0.52 dB (UL) for channel model UMa A, and 1.41 dB (DL) and 1.63 dB (UL) for channel model UMa B.
[bookmark: _Toc525925733][bookmark: _Toc525925508][bookmark: _Toc525927152][bookmark: _Toc525928700][bookmark: _Toc525928851][bookmark: _Toc4769833]The 5th percentile SINR for URLLC Conf. B is approximately 0.16 dB (DL) and 0.83 dB (UL) for channel model UMa A, and -0.06 dB (DL) and 0.65 dB (UL) for channel model UMa B.

2.2 Link-level simulations (LLS)
Next, we provide link level simulation results for different physical channels including PDCCH, PDSCH, PUSCH, and PUCCH based on the assumptions in Table A-2 for both URLLC configurations A and B. The error rates are evaluated at the corresponding 5th percentile SINR values obtained in the previous section for UMa_A and UMa_B channel models.
The link level simulation results are summarized in Tables 1 and 2 below.
Table 1. LLS results at the 5th percentile SINR values for URLLC configuration A (4 GHz). 
	Error rate at the 5th percentile SINR value
	UMa_A channel model
	UMa_B channel model

	PDCCH (AL 8)
	2.89E-8
	1.9E-8

	PDSCH (MCS 6)
	3.5E-6
	3.1E-6

	PUSCH (MCS 6)
	7.2E-6
	2.6E-6

	PUCCH NACK-to-ACK @D2A rate of 1%
	1.02E-4
	3.95E-4

	PUCCH NACK-to-DTX @D2A rate of 1%
	7.5E-3
	3.4E-3



Table 2. LLS results at the 5th percentile SINR values for URLLC configuration B (700 MHz). 
	Error rate at the 5th percentile SINR value
	UMa_A channel model
	UMa_B channel model

	PDCCH (AL 8)
	4.14E-7
	7.11E-7

	PDSCH (MCS 3)
	5.4E-6
	6.2-6

	PUSCH (MCS 3)
	1.8E-6
	2.1E-6

	PUCCH NACK-to-ACK @D2A rate of 1%
	8E-4
	9.8E-5

	PUCCH NACK-to-DTX @D2A rate of 1%
	6.1E-3
	7E-3



2.3 Reliability evaluation within latency requirement
2.3.1 Total Reliability Expression
In the following, we provide general expressions of total success probabilities of DL and configured grant UL transmissions for a given number of transmissions (incl. retransmissions) as a function of success probabilities of relevant physical channels. The values of p1 to p4 defined in Table 3 can be obtained from those in Tables 1 and 2.
[bookmark: _Ref510774126]Table 3: Success probabilities for calculating total reliability
	Probability
	Description

	p1
	PDCCH

	p2
	PDSCH/PUSCH

	p3
	PUCCH NACK detection

	p4
	PUCCH DTX detection



DL transmission
For DL transmission, we can describe the total reliability after N transmissions (including HARQ retransmissions if any) as:

where for any positive integer k,   is the successful probability of a DL data being correctly received after k attempts of PDSCH transmissions are soft combined conditioned that previous soft-combined k-1 attempts of PDSCH transmissions fail. 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. interleaved PDCCH mapping where different candidates may be used between attempts or multi-TRP transmission for PDCCH. The data attempts are correlated with each other.

UL configured grant transmission
For configured grant-based UL transmission, the first UL transmission is done without a scheduling DCI. Retransmission however is based on an UL grant. The total reliability can be described similarly as:


2.3.2 Latency 
Next, we provide a summary of latency analysis for DL and CG UL transmission in FDD based on type B scheduling and UE processing time capability#2 in Table 4. Other assumptions on gNB processing time, initial data preparation time, and final decoding time are given in [2]. The latency results show that single-shot DL or CG UL transmissions are possible within 1 ms latency. 

[bookmark: _Ref513558304]Table 4. Worst-case latency of single DL and CG UL transmission in FDD, 30 kHz SCS with 7os and 4os PxSCH duration, 4 PDCCH monitoring occasions in a slot.
	Worst-case latency (ms)
	30kHz SCS

	
	7-os TTI
	4-os TTI

	DL 
	0.94
	0.72

	CG UL 
	0.75
	0.61



[bookmark: _Toc4769834]The worst-case latencies of single-shot DL and CG UL transmissions with 30 kHz SCS, 7os or 4os PxSCH duration, and 4 PDCCH monitoring occasions in a slot are lower than 1 ms.

2.3.3 Required Bandwidth 
In this section, we compute the required number of PRBs for the DL and UL transmissions considered in the reliability evaluation. For URLLC configuration A, we consider PDCCH AL8 with 1os CORESET and PDSCH/PUSCH with 4os duration carrying 32B of data using MCS 6. For URLLC configuration B, we consider PDCCH AL8 with 1os CORESET and PDSCH/PUSCH with 7os duration carrying 32B of data using MCS 3. The MCS indices are according to the MCS index table 3 in TS 38.214.

Table 5 shows that with 30 kHz SCS, the required bandwidths for the considered transmission parameters in our evaluation are within a reasonable range.
[bookmark: _Ref513558277]Table 5. Required #PRBs for different PHY channels considered for reliability evaluation.
	PHY channels
	Required #PRBs

	PDCCH AL8 with 1os CORESET
	48

	PDSCH/PUSCH with 4os[footnoteRef:1] duration carrying 32B of data using MCS 6 (URLLC config. A)  [1:  With 1 OFDM symbol overhead for DMRS] 

	31

	PDSCH/PUSCH with 7os[footnoteRef:2] duration carrying 32B of data using MCS 3 (URLLC config. B) [2:  With 2 OFDM symbols overhead for DMRS] 

	35




2.3.4 URLLC reliability evaluation within latency requirement
Based on the results in Tables 1 and 2, and the reliability expression in Section 2.3.1, we can compute the total reliability for DL transmission and CG UL transmission.
With our latency analysis, we see that both single-shot DL transmission and single-shot CG UL transmission are possible within the latency requirement of 1 ms. Therefore, in the following we evaluate reliability within 1 ms latency assuming the single-shot transmission. That is, we assume N=1 in the reliability expressions in Section 2.3.1. Moreover, with the analysis of the required bandwidth in Section 2.3.3, we showed the reliability evaluations are done based on reasonable transmission parameters. 
Table 6 below summarizes the results of total reliability for DL and CG UL transmissions for URLLC configurations A and B with UMa_A and UMa_B channel models.
Table 6. Total reliability of URLLC DL and CG UL transmission.
	Total Reliability
	UMa_A
	UMa_B

	Single shot DL with 4os duration using MCS 6 and PDCCH AL8 for URLLC config. A
	99.999647 %
	99.999688 %

	Single shot CG UL with 4os duration using MCS 6 for URLLC config. A
	99.99928 %
	99.99974 %

	Single shot DL with 7os duration using MCS 3 and PDCCH AL8 for URLLC config. B
	99.999418 %
	99.999309 %

	Single shot CG UL with 4os duration using MCS 3 for URLLC config. B
	99.99982 %
	99.99979 %



The results show that in NR Rel-15, it is possible to achieve URLLC reliability requirement of 99.999% within one-way latency of 1 ms for a packet of size 32 Bytes for both DL and UL transmission. 

[bookmark: _Toc4769835]URLLC reliability requirement of 99.999% within one-way latency of 1 ms for a packet of size 32 Bytes can be fulfilled in NR Rel-15.

Conclusion
In the previous sections we made the following observations: 
Observation 1	The 5th percentile SINR for URLLC Conf. A is approximately 1.24 dB (DL) and 0.52 dB (UL) for channel model UMa A, and 1.41 dB (DL) and 1.63 dB (UL) for channel model UMa B.
Observation 2	The 5th percentile SINR for URLLC Conf. B is approximately 0.16 dB (DL) and 0.83 dB (UL) for channel model UMa A, and -0.06 dB (DL) and 0.65 dB (UL) for channel model UMa B.
Observation 3	The worst-case latencies of single-shot DL and CG UL transmissions with 30 kHz SCS, 7os or 4os PxSCH duration, and 4 PDCCH monitoring occasions in a slot are lower than 1 ms.
Observation 4	URLLC reliability requirement of 99.999% within one-way latency of 1 ms for a packet of size 32 Bytes can be fulfilled in NR Rel-15.
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Appendix

Table A-1. Assumptions for the system-level simulations.
	Configuration Parameters
	URLLC configuration A
	URLLC configuration B

	Carrier frequency 
	4 GHz
	700 MHz

	Base station Antenna Height
	25 m
	25 m

	Inter-site distance
	500 m
	500 m

	Bandwidth
	20 MHz
	20 MHz

	Device deployment
	80% outdoor, 20% indoor
	80% outdoor, 20% indoor

	Number of UE antenna elements
	4
	4

	UE noise figure
	7
	7

	UE power
	23 dBm
	23 dBm

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

	BS antenna VxH (vs x Hs x P)
	2x8 (4x1x2)
	4x4 (2x1x2)

	BS Transmit power
	49 dBm
	49 dBm

	BS noise figure
	5
	5

	Electrical down tilt
	9 degrees
	9 degrees

	Traffic model
	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)



Table A-2. Assumptions for the link-level simulations.
	Configuration Parameters
	URLLC configuration A
	URLLC configuration B

	Carrier frequency
	4 GHz
	700 MHz

	Channel model
	TDL-C with 300ns delay spread
	TDL-C with 300ns delay spread

	Bandwidth
	20 MHz
	20 MHz

	Subcarrier spacing
	30 kHz
	30 kHz

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

	Tx diversity
	Rank 1 (TX diversity precoding based on CSI reports with 5 slots periodicity).
	Rank 1 (TX diversity precoding based on CSI reports with 5 slots periodicity).

	Speed
	3km/h
	3km/h

	Data payload size
	256b
	256b

	Data channel frequency allocation
	Contiguous
	Contiguous

	Data channel time allocation
	4os allocations type B
	7os allocations type B

	Channel estimation for data channel
	Practical: 4os mini-slot - 1os front-loaded DMRS 
	Practical: 7os mini-slot - 2os front-loaded DMRS

	PUCCH
	1 A/N bit, PUCCH format 0 with 2- symbol duration and frequency hopping between band edges
	1 A/N bit, PUCCH format 0 with 2- symbol duration and frequency hopping between band edges

	PDCCH
	40b payload excl. CRC. Distributed CCEs
	40b payload excl. CRC. Distributed CCEs
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