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Introduction

This paper is related to the “New Study Item on Self-Evaluation towards IMT-2020 submission” [1]. In this paper, we review the IMT-2020 performance metrics, the minimum performance requirements and evaluation methodologies associated with each metric [2, 3]. In addition, we present an initial assessment of NR with respect to some of the analytical performance metrics.    
NR Self-Evaluation Methods and Performance Metrics 

The IMT-2020 evaluation guidelines for radio interface technologies [3] outline a set of performance metrics and associated evaluation methods. In the next two sections, we review these metrics and highlight the minimum performance requirements for each metric. We also present a comparative study of the minimum requirements of IMT-2020 [2] with respect to the corresponding requirements for IMT-Advanced [4].
Self-evaluation Methods
The self-evaluation methods for IMT-2020 are divided broadly into three categories – (i) Simulation based (including both system and link level simulations), (ii) Analytical calculation based and (iii) Inspection based methods. Table 1 summarizes the performance metrics and test environments for each self-evaluation method [3]. 

Table 1: IMT-2020 Self Evaluation Methodologies and Metrics
	Evaluation Method
	Performance Metric
	Purpose of Evaluation

	Simulation
	Average Spectral Efficiency
	eMBB

	
	5th Percentile Spectral Efficiency
	eMBB

	
	User Experienced Data Rate 
	eMBB

	
	Connection Density
	mMTC

	
	Mobility
	eMBB

	
	Reliability
	URLLC

	Analytical
	Peak Spectral Efficiency
	eMBB

	
	Peak Data Rate
	eMBB

	
	Area Traffic Capacity
	eMBB

	
	Control Plane Latency
	eMBB/URLLC

	
	User Plane Latency
	eMBB/URLLC

	
	Mobility Interruption Time
	eMBB/URLLC

	Inspection Based
	Bandwidth
	N.A.

	
	Energy Efficiency
	eMBB

	
	Support of wide range of services
	N.A.

	
	Supported spectrum bands(s)/ranges(s)
	N.A.


IMT-2020 Minimum Performance Requirements
For the performance metrics listed in Table1, ITU-R also specifies the minimum performance requirements for a radio access technology to be considered as a candidate technology for IMT-2020 [2]. The minimum requirements for each metric are shown in Table 2. 

Table 2: Minimum Performance Requirements
	Performance Metric
	Scenario
	Minimum
Requirement

	
	
	Downlink
	Uplink

	Peak Data Rate (Gbit/s)
	N.A.
	20
	10

	Peak Spectral Efficiency (bits/s/Hz)
	N.A.
	30
	15

	User experienced Data Rate (Mbit/s)
	N.A.
	100
	50

	5th percentile user spectral efficiency (bits/s/Hz)
	Indoor Hotspot – eMBB
	0.3
	0.21

	
	Dense Urban – eMBB
	0.225
	0.15

	
	Rural – eMBB
	0.12
	0.045

	Average Spectral Efficiency (bits/s/Hz/TRxP)
	Indoor Hotspot – eMBB
	9
	6.75

	
	Dense Urban – eMBB
	7.8
	5.4

	
	Rural – eMBB
	3.3
	1.6

	
Reliability
(success probability of transmitting a MAC PDU of 32 bytes within 1 ms in channel quality of coverage edge)

	URLLC
	1-10-5 

	

Area Traffic Capacity:
(Mbit/s/m2)

	Indoor Hotspot – eMBB
	10
	

	Mobility/Normalized traffic channel link data rate (bits/s/Hz)

	10 km/h
	Indoor Hotspot – eMBB
	1.5

	
	30 km/h
	Dense Urban – eMBB
	1.12

	
	120 km/h
	Rural – eMBB
	0.8

	
	500 km/h
	
	0.45

	User Plane Latency (ms)
	eMBB
	4

	
	URLLC
	1

	Control Plane Latency (ms)
	N.A.
	20

	Mobility Interruption Time (ms)
	N.A.
	0

	Connection Density (devices/km2)
	Dense Urban/mMTC
	1 000 000

	Bandwidth
	100 MHz



Comparison of Minimum Requirements with IMT-Advanced
In this section, we briefly compare the IMT-2020 performance requirements against that of IMT-Advanced [4]. We begin by noting that IMT-Advanced did not specify a minimum requirement for peak data rate, reliability, area traffic capacity, connection density, mobility interruption time, support of wide range of services and support of spectrum bands and ranges. The increase in requirements for corresponding to IMT-Advanced metrics are as follows:

· Peak Spectral Efficiency: In terms of peak SE, IMT-Advanced had requirements of 15 bits/s/Hz for DL and 6.75 bits/s/Hz for UL. Observing the corresponding requirements from Table 2, we see that this marks around a 2x increase for DL and 2.2x increase for UL for IMT-2020. Based on the peak SE requirement IMT-Advanced showed example peak data rates (without any explicit requirement). For example, in 40MHz BW, the example peak data rate was 600Mbit/s for DL.
· Average Spectral Efficiency: In terms of average spectral efficiency, IMT-2020 requires the following performance improvements over IMT-Advanced for comparable test scenarios:
· Indoor: IMT-2020 minimum requirement is 3x that of IMT-Advanced for both DL and UL. 
· Urban: For dense urban deployment scenarios IMT-2020 requirement is 3.6x for DL and 3.9x for UL compared to IMT-Advanced
· Rural: For the case of high speed rural deployments, IMT-2020 requirement 3x in DL and 2.3x in UL compared to IMT-Advanced
Therefore NR needs to improve upon LTE-A performance by roughly 3-4x with respect to average spectral efficiency to meet the IMT-2020 requirements.
· 5th percentile spectral efficiency: Similar to average spectral efficiency, the cell-edge SE requirement for IMT-2020 requires the following performance improvements over IMT-Advanced
· Indoor: IMT-2020 minimum requirement is 3x that of IMT-Advanced for both DL and UL. 
· Urban: For dense urban deployment scenarios IMT-2020 requirement is 3.75x for DL and 5x for UL compared to IMT-Advanced
· Rural: For the case of high speed rural deployments, IMT-2020 requirement 3x in DL and UL compared to IMT-Advanced
Therefore, NR needs to improve upon LTE-A by around 5x with respect to 5th percentile SE in order to meet IMT-2020 minimum requirements.
· Bandwidth: The bandwidth requirement for IMT-Advanced was 40 MHz (2 CA for LTE) while IMT-2020 with a requirement of 100MHz marks a 2.5x increase.
· Latency: The IMT-Advanced requirement for control plane latency was 100ms i.e., IMT-2020 requires a 5x improvement. The IMT-Advanced requirement for user plane latency was 10ms i.e., IMT-2020 requires a 10x performance improvement with respect to user plane latency for URLLC and 2.5x for eMBB. 
· Mobility: In terms of mobility, IMT-Advanced specified a highest speed of 350kmph compared to 500kmph for IMT-2020. At the highest specified speed, IMT-2020 requires a 1.8x improvement in terms of normalized traffic channel data rate (bits/s/Hz), while at a speed of 120kmph, IMT-2020 requires a 1.45x improvement over IMT-Advanced. 

In the following sections we present some views and observations on simulation based methods for self-evaluation and then present some analytical performance results for NR with respect to the metrics in Table 1. 
Simulation Based Self-Evaluation Methods

The evaluation methods for simulation-based metrics in Table 1 can be broadly classified as follows:

1. System Level Simulations: Average and 5th percentile spectral efficiency, user experienced data rate, connection density (using non-full buffer traffic modelling)
2. System and Link Level Simulations: For methods using system level simulations followed by link level simulations, first a full buffer system level simulation is performed to evaluate SINR statistics and then run link level simulations for the SINR values for selected percentiles to evaluate the metrics. The supported metrics are: connection density (as an alternative to purely using system level simulations), mobility and reliability.

For the case of connection density evaluations, we note that the minimum requirement for IMT-2020 is 1000000 devices per km2. Therefore, evaluations based only on system level simulations with non-full buffer traffic modelling could be a challenging task. In this respect, we prefer the alternate approach of system-level simulations followed by link-level evaluations. 
Analytical Performance Evaluation Methods	
The analytical performance evaluation metrics for IMT-2020 self-evaluation [2, 3] are shown in Table 1. In the following we present some analytical results for NR and show that it is capable of meeting the minimum requirements for consideration as an IMT-2020 candidate technology. 
Peak Spectral Efficiency
In order to evaluate the peak spectral efficiency, we first highlight the different frequency ranges that are to be used for NR deployment [1, 2]. The two operating ranges FR1 and FR2 are shown in Table 3.
Table 3: Definition of frequency ranges
	Frequency range designation
	Corresponding frequency range 

	FR1
	450 MHz – 6000 MHz

	FR2
	24250 MHz – 52600 MHz



The support of different numerologies and operating bandwidths in FR1 and FR2 are shown in Tables 4 and 5. 

[bookmark: _Hlk497144372]Table 4: Maximum transmission bandwidth configuration NRB in FR1
	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	216
	270
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	106
	133
	162
	217
	273

	60
	N/A
	11
	18
	24
	31
	51
	65
	79
	107
	135



Table 5: Maximum transmission bandwidth configuration NRB in FR2
	SCS (kHz)
	50MHz
	100MHz
	200MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264



We consider NR operation in both FR1 and FR2 for evaluation of the peak spectral efficiency. To this end, we need to make some assumptions for the overhead as well transmission schemes within each radio frame. The basic assumptions for UL and DL are shown in Table 6.

Table 6: Parameters for Peak Data Rate/SE calculation
	Parameter
	Downlink
	Uplink

	# Transmit Layers
	8
	4

	Modulation
	256 QAM
	256 QAM

	Code Rate
	0.9258
	0.9258

	DM-RS
	One 2 symbol Type 2 DMRS in each slot with RS on 2 combs and data on 3rd  i.e., 16 REs/PRB/slot
	One 1 symbol Type 2 DMRS in each slot with RS on 2 combs and data on 3rd i.e.,
8 REs/PRB/slot

	SSB
	FR1
	4 SSB in every radio frame
	· 

	
	FR2
	16 SSB in every radio frame
	· 

	PDCCH
	FR1
	1 CCE (Aggregation Level 1)
 in every slot i.e., 
1 OFDM symbol in 6 PRBs/slot
	-

	
	FR2
	4 CCE (Aggregation Level 4) 
in every slot i.e., 
1 OFDM symbol in 24 PRBs/slot
	-



Based on these assumptions, the peak spectral efficiency can be calculated as follows:


Peak SE (bits/s/Hz) =,     (1)
where, W is the operating bandwidth in Hz. The number of data REs per radio frame can be calculated by accounting for the overhead from DMRS, SS Block and PDCCH. For DL, based on the assumptions in Table 6, it can be calculated as follows:

[image: ]              (2)   
For UL the overheads are different and based on the assumptions in Table 6, the calculation is as follows:
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Based on equations (1), (2) and (3), the analytical peak spectral efficiency for NR in FR1 and FR2 for DL and UL are shown in Tables 7 and 8 respectively:

Table 7: Peak Spectral Efficiency (bit/s/Hz) for NR in FR1
	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	15
	DL
	40.08
	44.35
	45.78
	46.49
	46.92
	48.01
	48.13
	-
	-
	-

	
	UL
	23.70
	24.64
	24.96
	25.12
	25.21
	25.59
	25.59
	-
	-
	-

	30
	DL
	33.82
	40.32
	43.69
	44.48
	45.67
	47.00
	47.33
	48.14
	48.49
	48.88

	
	UL
	20.85
	22.75
	24.01
	24.17
	24.64
	25.12
	25.21
	25.59
	25.71
	25.88

	60
	DL
	
	35.87
	40.72
	41.35
	43.16
	44.99
	46.08
	46.80
	47.71
	48.25

	
	UL
	
	20.85
	22.75
	22.75
	23.51
	24.17
	24.64
	24.96
	25.35
	25.59




Table 8: Peak Spectral Efficiency (bit/s/Hz) for NR in FR2
	SCS (kHz)
	50MHz
	100MHz
	200MHz
	400 MHz

	60
	DL
	44.54
	46.05
	46.80
	-

	
	UL
	25.02
	25.02
	25.02
	-

	120
	DL
	41.74
	45.36
	46.45
	47.00

	
	UL
	24.26
	25.02
	25.02
	25.02




From Table 7 and 8, it can be seen that NR meets the peak spectral efficiency requirements of 30 bits/s/Hz for DL and 15 bits/s/Hz for UL for both FR1 and FR2 and all supported SCS and BW combinations. 

Observation 1:
NR meets the IMT-2020 minimum requirements for peak spectral efficiency for all supported BW and SCS combinations for DL and UL

Peak Data Rate 
Based on the peak spectral efficiency achieved by NR, it can be shown that in FR1, NR meets the DL peak data rate requirement of 20 Gbit/s with the supported 16 carrier aggregation for all SCS with operating BW of 40MHz per CC and higher. Similarly for UL, the minimum requirement of 10 Gbit/s is met for SCS of 15 and 30 kHz with 16 CA and operating BW of 25 MHz per CC and above and for SCS of 60 kHz with operating BW of 40MHz and above. 

In the case of FR2, all operating BW and SCS combinations can meet the minimum peak data rate requirements for DL and UL with 16 aggregated carriers. In reality fewer carriers are required to meet the requirements. Specifically, for the case of SCS 120 kHz and BW of 400 MHz, the DL rate for a single CC is 18.8 Gbit/s and the UL rate for a single CC is 10.01 Gbit/s. Thus it can be seen that NR meets the minimum IMT-2020 requirements with 2 aggregated carriers in DL and with a single carrier in UL. 

Observation 2:
NR meets the IMT-2020 minimum requirements for peak data rate using 16 aggregated component carries with operating BW of 40 MHz and higher for FR1 and for all BWs and SCSs in FR2. 	
User Experienced Data Rate
The user experienced data rate is evaluated for Dense Urban-eMBB test scenario and can be derived analytically after system level simulations. The 5th percentile SE evaluated from full buffer system level simulator can be used to calculate UE experienced data rate as follows:

                                                                        (4)
Based on the results of system level evaluation, if NR satisfies the minimum 5th percentile SE requirement for Dense Urban – eMBB, then in order to meet the minimum DL requirement of 100 Mbit/s, NR will require a BW of 445MHz. Based on Table 7 and 8, this is easily achievable by using 5 CA for 100 MHz CC in FR1 and using 4 and 2 CA respectively for SCS 60 and 120 kHz in FR2. Similarly for UL, to meet the minimum requirement of 50 Mbit/s, NR will require a BW of 334 MHz which can again be supported by 3 CA with 100 MHz CC in FR1. In FR2, 2 CA with 200 MHz CC can support the required BW for SCS 60 kHz and 1 wideband CC of 400 MHz at SCS 120 kHz. 

Area Traffic Capacity
The area traffic capacity is calculated for Indoor Hotspot-eMBB test scenario and can be calculated as 

                                                                    (5)   



where  is the TRxP density in TRxP/m2 and average spectral efficiency can be evaluated through system level simulations. For Indoor Hotspot –eMBB deployment scenario in ITU-R M.2412-0, we have for the case of 12 TRxP deployment and for a 36 TRxP deployment. The actual capacity can only be calculated once it can be established from system level evaluations that NR meets minimum spectral efficiency requirements. In this case, NR would need a BW of 445 MHz for 12 TRxP and 150MHz for 36 TRxP deployment in the DL which can be achieved by at most 16 CA in FR1 and FR2. Note that for UL no minimum requirement is specified. 

Inspection Based Self-Evaluation Methods
In this section, we comment on the minimum BW requirements for IMT-2020. The minimum BW requirement as defined in ITU-R M.2410-0 is that an RIT/SRIT shall support at least100 MHz BW and shall support up to 1 GHz  for operation in higher frequency bands i.e., above 6 GHz. From Table 6 and 7, we can see that using 16 CA, NR can easily meet both the requirements. In fact for FR2, using 3 CA for 120 kHz SCS and 400 MHz CC, NR can meet the BW requirement of 1 GHz. 

Observation 3:
NR meets the IMT-2020 minimum requirements for operation BW in both high (above 6 GHz) and low (sub-6 GHz) frequency bands.


Conclusions
In this paper, we presented an initial assessment of the IMT-2020 self-evaluation methods and associated performance metrics. We highlighted simulation based aspects as well analytical performance evaluation for NR as a candidate technology for IMT-2020. The summary of observations made in this paper are provided below:

· Observation 1: NR meets the IMT-2020 minimum requirements for peak spectral efficiency for all supported BW and SCS combinations for DL and UL
· Observation 2: NR meets the IMT-2020 minimum requirements for peak data rate using 16 aggregated component carries with operating BW of 40 MHz and higher for FR1 and for all BWs and SCSs in FR2.
· Observation 3: NR meets the IMT-2020 minimum requirements for operation BW in both high (above 6 GHz) and low (sub-6 GHz) frequency bands.
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