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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 provide evaluations for the analytical metric of User Experienced Data Rate which is defined for the Dense Urban Macro test environment [3] and show that NR can meet IMT-2020 minimum requirements [2] in frequency range 1 corresponding to IMT evaluation configuration A in [3]. 

Evaluation Methodology
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.

Evaluation Results
In this section, we present evaluation results for user experienced data rate for NR Dense Urban eMBB test environment for downlink and uplink operation in frequency range 1 corresponding to Configuration A from [3] with IMT UMa Channel Model A.
1 
2 
3 
Frequency Range 1
In this section, we provide the evaluation results for Dense Urban eMBB Configuration A [3] with carrier frequency of 4GHz i.e., in FR1. The spectral efficiency results from full buffer system level simulations are summarized in the following table and the simulation assumptions are provided in the Appendix. 

Table 1: 5th Percentile Spectral Efficiency
	Spectral Efficiency
(bits/s/Hz)
	Dense Urban eMBB Configuration A 
CF = 4GHz, SCS = 15kHz
IMT Channel Model A

	
	FDD
	TDD

	Downlink 5th Percentile SE
	0.598
	0.564

	Uplink 5th Percentile SE
	0.526
	0.502

	Uplink Power 
Control Parameters
	




Based on 5th percentile spectral efficiency, we next evaluate the required BW to achieve the target user experienced data rate for downlink and uplink.

Table 2: Required Bandwidth to Meet IMT-2020 Target
	User Experienced 
Data Rate
	Minimum
Requirement
	Bandwidth (MHz)
Required to Meet Target

	
	
	FDD
	TDD

	Downlink 
	100 Mbit/s
	168
	366

	Uplink 
	50 Mbit/s
	96
	206



The following table shows the bandwidth supported by NR in Frequency Range 1 i.e., for carrier frequencies below 6 GHz. 
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



Furthermore, NR also supports aggregation of 16 component carriers. Therefore from Table 2 and Table 3, it can be seen that for downlink FDD, NR can achieve the user experienced data rate target of 100 Mbit/s by aggregating 4 component carriers, 3 of BW 50MHz and one of BW 25MHz. For the case of downlink TDD, NR requires the aggregation of 8 component carriers, 7 of BW 50 MHz and one of 20MHz. Similarly for uplink FDD, NR can achieve the target user experienced data rate of 50 Mbit/s by aggregating 2 component carriers of BW 50MHz. For the case of uplink TDD, the target rate can be achieved by aggregation of 4 component carriers of BW 50 MHz and one component carrier of BW 10MHz. Note that the presented evaluation assumes 15 kHz subcarrier spacing. Similar results can be evaluated for higher SCS. 

Observation:
NR Dense Urban Macro can meet the IMT-2020 minimum requirements for user experienced data rate for the case of FR1 in IMT Configuration C for both uplink and downlink with single layer macro cell-only deployment.

Conclusions  
In this paper, we have evaluated the user experienced data rate for NR based on full-buffer system level simulations and analytical calculations. It was shown that under support bandwidth configurations, NR can meet the user experienced data rate targets for both downlink and uplink in frequency range 1 i.e., sub-6GHz operation. 
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Appendix: System Level Simulation Assumptions

	Simulation Parameters
	Scenario

	
	Dense Urban Macro eMBB

	Carrier Frequency
	4GHz

	Simulation BW
	FDD: 10MHz

	
	TDD: 20 MHz with ‘DSUUD’; S=6D2G6U

	Sub-carrier Spacing
	15 kHz

	Channel Model
	IMT UMa A

	Inter-Site Distance
	200m

	BS Antenna Configuration


	(1,1,8,16,2; 1,16)
32 TXRU

	
BS Antenna Spacing 
	(0.8, 0.5)

	UE Antenna Configuration


	(1,1,1,2,2; 1,2)
4 TXRU

	UE Antenna Spacing


	(0.5, 0.5)

	Beam set at BS
	Single beam at
102 electronic downtilt

	Beam Set at UE
	Single Beam Omni-Directional

	UE Deployment
	80% Indoor; 20% Outdoor

	Traffic Model
	Full Buffer

	Highest Modulation
	256 QAM for DL and UL

	Channel Coding
	LPDC

	Transmission/Reception Scheme
	Multi-user MIMO with 12 layers at BS for DL/UL

	Scheduler
	DL: MU-PF with sub-band scheduling, rank adaptation and beam sweeping at BS
UL: MU-PF with non-contiguous scheduling, rank adaptation and beam sweeping at BS

	Feedback
	Type II Codebook based CSI for DL
NR UL Codebook for UL

	Impairment Modeling
	Channel Estimation Error Modeled; 
UL MPR modeled as per RAN4 (Additional 2dB back-off for non-contiguous UL scheduling)
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