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1 Introduction
This contribution discusses about the evaluation methodology for IMT-2020 self-evaluation.
2 System simulation for self-evaluation
Reliability
In order to evaluate the reliability requirement using system-level simulation followed by link-level simulations, following steps are provided in [1].
	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.


According to the above procedure, 5th percentile SINR should be firstly obtained. From the collected evaluation results on downlink SINR during calibration campaign for self-evaluation [2], approximated 5th percentile downlink SINR value can be summarized as in Table 1. Note that during the calibration campaign, 4 different evaluation environments are considered and evaluated for URLLC, such that Urban Macro with channel mode A and carrier frequency of 4GHz, Urban Macro with channel mode B and carrier frequency of 4GHz, Urban Macro with channel mode A and carrier frequency of 700MHz, Urban Macro with channel mode B and carrier frequency of 700MHz. Details on evaluation environments are summarized in [2]. 
Table 1: 5th percentile downlink SNR value in URLLC Urban Macro
	Channel Model
	Carrier frequency
	5th percentile downlink SINR value

	Model A
	700MHz
	-2.27 dB

	Model B
	700MHz
	-2.22 dB

	Model A
	4GHz
	-2.48 dB

	Model B
	4GHz
	-2.27 dB


In order to satisfy reliability requirement, a reliability of control is important. Therefore, the reliability of control channel is evaluated and shown in Figure 1~6. Evaluation assumptions are summarized in Appendix. As shown in Figures, in case that the number of receiver antenna is 2 and carrier frequency is 700MHz, it is observed that URLLC reliability requirements are satisfied for all channel models if aggregation level 16 is applied, irrespective of size of DCI payload. When the number of receiver antenna is 4 and carrier frequency is 4GHz, it is also observed that URLLC reliability requirements are satisfied for all channel models if aggregation level is set to 4 or higher value. It is noted that if an additional DCI with less payload is considered, around 1dB performance gain is obtained. Further detailed analysis on the reliability can be found in our companion contribution [3].
Observation 1: With an appropriate DCI payload (e.g. fallback DCI) and aggregation level (a.g. AL 8 or 16), reliability requirements for URLLC can be satisfied in NR.
3 Analytical approach for self-evaluation
Peak data rate
The minimum requirements for peak data rate are as follows:
· Downlink peak data rate is 20 Gbit/s.
· Uplink peak data rate is 10 Gbit/s.
For NR, the approximate data rate for a given number of aggregated carriers in a band or band combination, without ue-Category is computed as follows.


wherein
J is the number of aggregated component carriers in a band or band combination
Rmax = 948/1024
For the j-th CC,
[image: ] is the maximum number of layers

 is the maximum modulation order

is the scaling factor
The scaling factor can at least take the values 1 and 0.75.

is signalled per band and per band per band combination

 is the numerology (as defined in TS 38.211)



 is the average OFDM symbol duration in a subframe for numerology , i.e. . Note that normal cyclic prefix is assumed.




 is the maximum RB allocation in bandwidth  with numerology , as defined in 5.3 TS 38.101-1 and 5.3 TS 38.101-2, where  is the UE supported maximum bandwidth in the given band or band combination.

is the overhead and takes the following values
[0.14], for frequency range FR1 for DL
[0.18], for frequency range FR2 for DL
[0.08], for frequency range FR1 for UL
[0.10], for frequency range FR2 for UL
According to the above formular, an exemplary approximate maximum data rate can be computed as follow. For example, assuming 100MHz bandwidth, 30kHz SCS, scaling factor f =1, overhead 0.14 (DL), and 0.08 (UL) for FR1, NR can achieve approximately 4.67GHz and 2.5GHz peak data rate for downlink and uplink respectively. Similarly, assuming 400MHz bandwidth, 120kHz SCS, scaling factor f =1, overhead 0.18 (DL), and 0.10 (UL) for FR2, NR can achieve approximately 17.2GHz and 9.46GHz peak data rate for downlink and uplink respectively, which are summarized as below table.
	 
	Below 6GHz
	Above 6GHz

	Bandwidth
	100MHz
	400MHz

	Max code rate
	948/1024
	948/1024

	#Layers
	DL: 8, UL: 4
	DL: 8, UL: 4

	Max modulation order
	8
	8

	Subcarrier spacing
	30kHz
	120kHz

	Symbol duration
	35.7 us
	8.93 us

	Total bandwidth
	1.6 GHz
	6.4 GHz

	Overhead
	DL: 0.14
UL: 0.08
	DL: 0.18
UL: 0.10

	Scaling factor
	1
	1

	max #PRB
	273
	264

	Data rate 
	DL: 4.67 Gbps
UL: 2.5 Gbps
	DL: 17.2 Gbps
UL: 9.46 Gbps


Alternatively, peak data rate can also be computed by maximum TBS specified for NR. A procedure to determine maximum TBS is specified in TS38.214, which is briefly summarized as follows.
1) 
A UE can first determine 
2) 
Then, intermediate number of information bits (Ninfo) can be obtained by 
3) 
When , TBS is determined as follows.


- quantized intermediate number of information bits , where and ties in the round function are broken towards the next largest integer.
- Then, 


 where 
For example, assuming 100MHz bandwidth with 30kHz SCS, NRE =42,588 where 1symbol DMRS and Xoh=0 are also assumed. For calculating the intermediate number of information bit, 256QAM and 4 layer per TB are considered so that Ninfo=1,261,699.5 is obtained where n=15 and C=152. After obtaining quantized intermediate number of information N’info =1,277,952, maximum TBS 1,277,992 is computed for downlink, which is equivalent to 5.1Gbps peak rate and 51.1bits/s/Hz spectral efficiency. Maximum TBS, peak rate, and spectral efficiency per subcarrier spacing and frequency band are summarized as below table.
	Frequency
	SCS (kHz)
	Maximum TBS
	Peak rate (Gbps)
	Spectral efficiency
(bits/s/Hz)

	Below
6 GHz
	15
	1,245,544
	2.5
	49.8

	
	30
	1,277,992
	5.1
	51.1

	
	60
	622,760
	5.0
	49.8

	Above
6 GHz
	60
	1,213,032
	9.7
	48.5

	
	120
	1,213,032
	19.4
	48.5


[bookmark: _GoBack]Observation 2: With an appropriate number of component carriers, peak rate requirements for eMBB as well as spectral efficiency can be satisfied.
4 Conclusion
Observation 1: With an appropriate DCI payload (e.g. fallback DCI) and aggregation level (a.g. AL 8 or 16), reliability requirements for URLLC can be satisfied.
Observation 2: With an appropriate number of component carriers, peak rate requirements for eMBB as well as spectral efficiency can be satisfied.
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Appendix
	Table 2: Evaluation assumptions for compact DCI	
	Parameters
	Value
	Evaluation Assumptions

	DCI payload (excluding 24bits CRC)
	40bits, 30bits, 24bits (optional)  
	40bits, 30bits, 24bits  

	System bandwidth
	20MHz
	20MHz

	Carrier Frequency
	4GHz, 700MHz
	4GHz, 700MHz

	Number of symbols for CORESET
	1, 2, 3
	1

	CORESET BW (contiguous PRB allocation)
	20MHz, 10MHz (optional for PDCCH repetition in frequency)
	20MHz 

	Subcarrier spacing
	30KHz, other SCS are not precluded
	30KHz

	Aggregation level
	Compact DCI study: 8, 16. (1,2,4 are optional)
	4, 8, 16

	Transmission type
	Interleaved
	Interleaved (interleaver size = 3)

	REG bundling size
	6
	6

	Modulation 
	QPSK
	QPSK

	Channel coding
	Polar code (DCI)
	Polar code (DCI)

	Transmission scheme
	1-port precoder cycling
	{1, 1i, -1, -1i}

	Channel estimation
	Realistic
	MMSE for each REGB 

	Channel model
	TDL-A (delay spread: 30ns)
TDL-C (delay spread: 300ns) 
TDL-B (delay spread 100ns) (optional)
	TDL-A (delay spread: 30ns)
TDL-C (delay spread: 300ns) 
TDL-B (delay spread 100ns)

	UE speed
	3 km/h
	3 km/h

	Number of BS antennas
	2Tx
	2Tx

	Number of UE antennas
	4Rx for 4GHz, 2Rx for 700MHz
	4Rx for 4GHz, 2Rx for 700MHz 

	Residual target BLER
	10-5
	10-5
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Figure 1: Evaluation results (TDL-A 30ns, 700MHz, 2 Tx, 2 Rx)
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Figure 2: Evaluation results (TDL-B 300ns, 700MHz, 2 Tx, 2 Rx)
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Figure 3: Evaluation results (TDL-C 100ns, 700MHz, 2 Tx, 2 Rx)
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Figure 4: Evaluation results (TDL-A 30ns, 4GHz, 2 Tx, 4 Rx)
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Figure 5: Evaluation results (TDL-B 300ns, 4GHz, 2 Tx, 4 Rx)
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Figure 6: Evaluation results (TDL-C 100ns, 4GHz, 2 Tx, 4 Rx)
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