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Introduction
This paper is related to the “Study Item on Self-Evaluation towards IMT-2020” [1]. In this paper, we discuss simulation methodology, analytical metric evaluations and related assumptions for IMT-2020 self-evaluation. 

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].

The self-evaluation methods for IMT-2020 are divided broadly into three categories – (i) Analytical calculation based, (ii) Simulation based (including both system and link level simulations), and (iii) Inspection based methods. Table 1 summarizes the performance metrics and test environments for each self-evaluation method [3] which falls under RAN1 scope. 
Table 1: IMT-2020 Self Evaluation Methodologies and Metrics
	Evaluation Method
	Performance Metric
	Purpose of Evaluation

	Analytical
	Peak Data Rate
	eMBB

	
	Peak Spectral Efficiency
	eMBB

	
	User Experienced Data Rate 
	eMBB

	
	Area Traffic Capacity
	eMBB - InH

	Simulation
	Average Spectral Efficiency
	eMBB

	
	5th Percentile Spectral Efficiency
	eMBB

	
	Connection Density
	mMTC

	
	Mobility
	eMBB

	
	Reliability
	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.



Peak Data Rate and Spectral Efficiency are evaluated analytically, while the Area Traffic capacity is evaluated analytically from the simulated average spectral efficiency of Indoor Hotspot test environment [3]. Similarly, User Experienced Data Rate is also derived analytically from the simulated 5th percentile spectral efficiency of the eMBB test scenarios. 
Average and 5th percentile spectral efficiency, mobility are evaluated based on simulations for three eMBB test scenarios, namely Dense-Urban – eMBB, Indoor Hotspot – eMBB and Rural Macro – eMBB [3]. Connection density is considered for the case of mMTC and Reliability is considered for the case of URLLC test environment. In the following sections, we discuss NR features and related parameters for self-evaluation with respect to the metrics highlighted in this section. 

Evaluation Methodology for Analytical Metrics

In this section, we discuss the evaluation methodology for analytical metrics for IMT-2020 self-evaluation which falls within the scope of RAN1 namely, Peak Data Rate, Peak Spectral Efficiency, User Experienced Data Rate and Area Traffic Capacity. 
1 
2 
3 
Peak Data Rate and Peak Spectral Efficiency
In this section, we present the evaluation methodology and related assumptions for NR peak data rate and peak spectral efficiency calculation. In order to facilitate the calculation, we first present an overview of the frequency ranges in which NR operate and the corresponding sub-carrier spacing and transmission bandwidth configurations. In NR, there are two different frequency ranges of operation as shown in Table 2 [5, 6].

Table 2: Definition of frequency ranges
	Frequency range designation
	Corresponding frequency range 

	FR1
	450 MHz – 6000 MHz

	FR2
	24250 MHz – 52600 MHz



[bookmark: _Hlk497144372]Furthermore, multiple combinations of system bandwidth and subcarrier spacing are also supported by NR as shown in Tables 3 and 4. 
Table 3: Maximum transmission bandwidth configuration NRB in FR1
	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	[160]
	216
	270
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	[78]
	106
	133
	162
	217
	273

	60
	N/A
	11
	18
	24
	31
	[38]
	51
	65
	79
	107
	135



Table 4: 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



The evaluation of peak data rate and peak spectral efficiency for NR is based on supported frequency range, sub-carrier spacing and transmission bandwidth configuration presented in this section.

Peak Data Rate Evaluation
A formula to calculate the peak data rate with which a UE is expected to be scheduled in NR has been specified in [7]. In this paper, we adopt the same methodology for the analytical calculation of peak data rate for NR. The specified formula for peak data rate is as follows: 

.
The terms in the formula are defined as follows:
· J is the number of aggregated component carriers in a band or band combination
· Rmax = 948/1024 is the nominal code rate
· For the j-th CC,
· 
 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 signaled per band and per band per band combination as per UE capability signalling
· 
 is the numerology (as defined in [9])
· 


 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 given in TR 38.817-01 section 4.5.1 (to be eventually defined in TS 38.101), where  is the UE supported maximum bandwidth in the given band or band combination
· 
 is the overhead as defined in [7].


Using the above formula, the peak data rate for NR can be calculated. The assumed scaling factor is 1 for highest modulation order of 8. A maximum of 8 transmit layers for downlink and 4 transmit layers for uplink can be assumed. The values for  can be obtained from Tables 3 and 4 for FR1 and FR2 respectively.
[bookmark: _Ref520899191]Consideration for Peak Data Rate Evaluation for TDD
The peak data rate calculated using the formula presented in [7] does not account for DL/UL occupancy ratio for the case of TDD operation. Therefore, in the case of TDD, for peak data rate evaluation, the data rate can be evaluated as follows

.

The additional scaling term  accounts for the DL/UL occupancy ratio for TDD and can be evaluated as follows


. 
[bookmark: _Ref520898023]Peak Spectral Efficiency Evaluation
For peak spectral efficiency, a similar approach as for the case of peak data rate can be used. The peak spectral efficiency for a single carrier (j) can be defined as:


1. 
2. 
2.2 
2. 
2. 
[bookmark: _Ref520898058]Overhead Assumptions
In this section we discuss the details related to overhead assumptions for peak data rate and spectral efficiency evaluations. To this end, we first note that in [7], the agreed upon values of overhead are as follows: 
•	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

Firstly, however, an explanation pertaining to the utility of the approximate peak data rate, calculated in [7] is in order. To this end, we would like to highlight the following points:
i. 





First, we will discuss the configurability of a lower overhead i.e., 1 OFDM symbol per slot or 7.14%, according to the TBS calculation formula presented in TS 38.214 [8]. To this end, we note that represents the maximum data rate aggregated over CCs that is supported by a UE based on the reported UE capability on the band or band combinations supported by the UE.  On the other hand, TS 38.214 [8] provides TBS calculation formula that is applicable per CC. Note that a gNB scheduler is free to transmit a TBS on one or more CCs (assuming a 7.14% overhead as per [8]) as long as the total data rate transmitted to that UE is not above. Therefore there is no conflict between TS 38.214 [8] and TS38.306 [7]. However, a UE is not expected to receive a peak data rate that is above. Therefore for peak data rate calculation for IMT, it is not preferable to assume an overhead that violates. To emphasize again, the utility of a lower overhead assumption in [8] lies in the fact that it can provide high data rate in one or more CC while not violating the . Therefore the lower overhead assumption in [8] should not be extended to one or more CCs such that it violates. 
ii. 
Secondly, the term “approximate peak rate” is used in this regard since the data rate calculated using the formula in [7] does not use the actual TBS size from [8]. Therefore the actual scheduled peak data rate based on TBS configuration will be based on the highest TBS size such that the scheduled data rate does not exceed. 
[bookmark: _GoBack]Based on the above clarification, we prefer using the overhead values specified in [7]. We provide further details on the system assumptions under which these overhead values can be derived for any given CC in our companion contribution [11] and on the details of TBS calculation in our contribution [19].
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 Spectral Efficiency evaluated from full-buffer system level simulator can be used to calculate UE experienced data rate as follows:


where, W is the bandwidth of operation. 

For the case of TDD operation, the user experienced data rate should be scaled appropriately using the DL/UL ratio for the chosen TDD frame structure. Therefore for TDD operation, the user experienced data rate can be calculated using the 5th percentile TDD spectral efficiency as follows:

.


The additional scaling term  accounts for the DL/UL occupancy ratio for TDD and can be evaluated as follows


. 

In this paper, we consider a TDD frame structure of ‘DSUUD’ with the S slot having 6 downlink symbols, 2 guard symbols and 6 uplink symbols. Therefore in this case. 

To show that NR can meet the User Experience Data Rate target of 100 Mbit/s for downlink and 50 Mbit/s for uplink, we adopt the following methodology:
· Run system level simulation with full-buffer traffic model and assumptions in Appendix corresponding to a single layer macro-cell only deployment for IMT Configuration C for Dense Urban Macro [3] to obtain the 5th percentile spectral efficiency for Dense Urban Macro test environment
· 
Using the above formula with set as the target user experienced data rate, evaluate the value of bandwidth W, required to meet the target user experienced data rate for downlink and uplink respectively. 
· Use the supported bandwidth in NR to show that W can be supported as operating BW thereby meeting IMT-2020 the requirements for user experienced data rate.
Based on the above methodology, detailed evaluations are presented in our companion contribution [15].

Area Traffic Capacity
The analytical metric of Area Traffic Capacity is defined for the NR Indoor Hotspot test environment with 12 TRxP and 36 TRxP deployment [3]. The area traffic capacity can be calculated analytically as follows:

.

Here is the TRxP density in TRxP/m2 and average spectral efficiency is evaluated through system level simulations [3]. For the case of TDD operation, the area traffic capacity should be scaled appropriately using the DL/UL ratio for the chosen TDD frame structure. Therefore for TDD operation, the area traffic capacity can be calculated using the average downlink TDD spectral efficiency as follows:

.


The additional scaling term  accounts for the DL/UL occupancy ratio for TDD and can be evaluated as follows


. 

In this paper, we consider a TDD frame structure of ‘DDDSU’ with the S slot having 11 downlink symbols, 1 guard symbols and 2 uplink symbols. Therefore in this case. 
The Indoor Hotspot eMBB deployment is shown in the following figure [3]. 






Based on this deployment scenario 12 cell sites are deployed over an indoor area of . For the case where we have 1 TRxP per cell site i.e., 12 TRxP deployment, we have  and for the case of 3 TRxP per cell-site i.e., 36 TRxP deployment, we have . 

Based on the corresponding values of  for a deployment scenario, we adopt the following methodology to show that NR can meet the IMT-2020 minimum requirement of 10 Mbit/sec/m2 for downlink area traffic capacity:
· Run system level simulation with full-buffer traffic model for IMT Indoor Hotspot eMBB Configurations A and B [3] to obtain the average downlink cell spectral efficiency[footnoteRef:1]. [1:  For detailed system level evaluation assumptions and results, interested readers are referred to our companion contribution [12].] 

· 
Using the above formula with set to the target area traffic capacity, evaluate the value of bandwidth W, required to meet the target area traffic capacity. 
· 
Use the supported bandwidth in NR to show that can be supported as operating BW thereby meeting IMT-2020 the requirements.

Based on the above methodology, detailed evaluation results are presented in our companion contribution [14].
Evaluation Methodology for Simulation Based Metrics
In this section, we discuss the evaluation methodologies for the simulation based metrics for IMT-2020 self-evaluation which falls within the scope of RAN1 namely, average and 5th percentile spectral efficiency, mobility, reliability and connection density. 
4 
Average and 5th Percentile Spectral Efficiency of NR
In this section, we discuss the evaluation methodology for NR eMBB average cell spectral efficiency and 5th percentile spectral efficiency. System level simulation with full-buffer traffic model is used for these evaluations. According to [3], the two metrics can be evaluated as follows.





Average Spectral Efficiency: For the case of average spectral efficiency, consider a system withusers and TRxPs. If  denotes the successfully received bits from user i uplink) or by user i (downlink) over a bandwidth W and time T, the average spectral efficiency of the system over  number of drops is given by

,



where  denotes the successfully received bits by (from) user from drop.


5th Percentile Spectral Efficiency: Considering a similar system over  number of drops, the spectral efficiency of the i-th user is denoted by:

.

Running the system level simulation over the multiple drops yields  number of data points and the 5th percentile spectral efficiency is evaluated as the lowest 5th percentile point of the CDF of these data points.

Based on the above definitions and using the simulation methodology for the different eMBB test environments outlined in [3], we present extensive simulation results in our companion contribution [12] to show that NR can meet the IMT-2020 requirements for all test environments in sub-6GHz. For the case of mmWave, it is shown that Indoor Hotspot eMBB (Configuration B in [3]) meets requirements for both downlink and uplink. 

The evaluations for spectral efficiency should account for L1 and L2 overhead. The system level overhead assumptions for FR1 and FR2 are provided in the worksheet attached in [16], while the detailed system level simulation assumptions are provided in Appendices 7.2 and 7.3 of our companion contribution [12]. 

Mobility
Mobility is evaluated for high mobility users for the test environments of Indoor Hotspot (10 km/hr), Dense Urban macro (30 km/hr) in frequency range 1 with carrier frequency 4 GHz as well as frequency range 2 with a carrier frequency of 30 GHz [5][6]; and for Rural macro (120 km/hr, 500 km/hr) for frequency range 1 with carrier frequencies of 700 MHz and 4 GHz as outlined in the IMT-2020 evaluation guidelines in [3]. The evaluation follows a combined system level and link level methodology, wherein the system level simulation with full-buffer traffic assumptions are used to determine the SINR distribution for each test environment and this, in turn, is used to run the link level simulator to determine the normalized link rate (bit/sec/Hz) at a target BLER of 1%. The IMT-2020 minimum requirements for mobility are as follows:
[bookmark: _Ref521445888]Table 5: IMT-2020 Requirements for Mobility
	Test Environnent
	Normalized traffic channel 
link data rate (bit/s/Hz)
	Mobility 
(km/h)

	Indoor Hotspot – eMBB
	1.5
	10

	Dense Urban – eMBB
	1.12
	30

	Rural – eMBB
	0.8
	120

	
	0.45
	500


Based on the above requirements, the detailed steps for self-evaluation are as follows [3]:
Step 1: 	Run uplink system-level simulations, identical to those for average spectral efficiency, and 5th percentile user spectral efficiency except for speeds taken from Table 1, using link-level simulations and a link-to-system interface appropriate for these speed values, for the set of selected test environment(s) associated with the candidate RITs/SRITs and collect overall statistics for uplink SINR values, and construct CDF over these values for each test environment.
Step 2:	Use the CDF for the test environment(s) to save the respective 50th-percentile SINR value.
Step 3: 	Run new uplink link-level simulations for the selected test environment(s) for either NLOS or LOS channel conditions using the associated speeds in Table 1, as input parameters, to obtain link data rate and residual packet error ratio as a function of SINR. The link-level simulation shall use air interface configuration(s) supported by the proposal and take into account retransmission, channel estimation and phase noise impact.
Step 4: 	Compare the uplink spectral efficiency values (link data rate normalized by channel bandwidth) obtained from Step 3 using the associated SINR value obtained from Step 2 for selected test environments, with the corresponding threshold values in the Table 1.
Step 5: 	The proposal fulfils the mobility requirement if the spectral efficiency value is larger than or equal to the corresponding threshold value and if also the residual decoded packet error ratio is less than 1%, for all selected test environments. For the selected test environment it is sufficient if one of the spectral efficiency values (using either NLOS or LOS channel conditions) fulfils the threshold.
In order to show that NR can meet the IMT-2020 mobility requirements, we assume the following methodology derived from the requirements in Table 5 and the outlined evaluation method above: 
1. Run the link level simulator for each test environment and corresponding mobility speed taken from Table 1 and determine the SINR required to achieve the required normalized PUSCH link data rate shown in Table 1 for a BLER of 1%. 
2. Run system level simulator to evaluate the 50th percentile pre-processing SINR for each test environment according to the deployment assumptions provided in [3] and the antenna configurations and open loop power control parameters detailed in Section 3. 
3. To show that NR can meet the mobility requirements, it suffices to show that the 50th percentile SINR evaluated from the system level simulations is higher than the SINR required to achieve the required target normalized link PUSCH link data rate from Table 1.
Based on the outlined methodology, in our companion contribution [13], we present detailed results to show that the Mobility requirements for IMT-2020 are met by NR. 

1. 
1. 
4. 
4. Reliability and Connection Density
For details on simulation assumptions for Reliability, interested readers are referred to our companion contribution [18] and for Connection Density, to our companion contribution [17]. For evaluation for both these metrics, we adopt the SLS+LLS methodology and present results which show that IMT-2020 requirements can be satisfied by NR.
Conclusions  
In this paper, we presented our adopted evaluation methodology for the analytical and simulation based metrics for IMT-2020. The detailed assumptions for each metric are further outlined in the respective companion contributions which present the evaluation results.
1. 
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