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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 self-evaluation results for the analytical metrics Area Traffic Capacity for the NR Indoor Hotspot eMBB test environment. The results presented in this paper show that NR can meet IMT-2020 minimum requirements [2] for Area Traffic Capacity for both frequency range 1 and frequency range 2 [5][6].
Evaluation Methodology 
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 [11].] 

· 
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.


Evaluation Results
In this section, we present evaluation results for area traffic capacity for NR Indoor Hotspot eMBB downlink in frequency range 1 and 2. The average spectral efficiency is obtained from system level evaluations and the detailed system level evaluation assumptions are presented in our companion contribution [11].
1 
2 
3 
Frequency Range 1
In this section, we provide the evaluation results for Indoor Hotspot eMBB Configuration A [3] with carrier frequency of 4GHz i.e., in FR1. The spectral efficiency results from full-buffer system level simulations are shown in the following table. 

Table 1: Average Cell Spectral Efficiency
	Downlink
Spectral Efficiency
(bits/s/Hz)
	Indoor Hotspot eMBB Configuration A 
CF = 4GHz, SCS = 15kHz, Channel Model A

	
	12 TRxP
	36 TRxP

	
	FDD
	TDD
	FDD
	TDD

	
Average ()
	11.832
	11.163
	14.011
	13.219




Based on the average spectral efficiency, we next evaluate the required BW to achieve the target area traffic capacity for downlink with 12 TRxP and 36 TRxP deployments.

Table 2: Required Bandwidth to Meet IMT-2020 Target Area Traffic Capacity
	IMT-2020 Minimum
Requirement
	Bandwidth (MHz) Required to Satisfy 
Minimum Requirement

	
	12 TRxP
	36 TRxP

	
	FDD
	TDD
	FDD
	TDD

	10 Mbit/sec/m2
	423
	592
	119  
	167



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, we have:
· Indoor Hotspot eMBB 12 TRxP: For downlink FDD, NR can achieve the area traffic capacity target of 10 Mbit/s/m2 by aggregating 9 component carriers, each of BW 50MHz. For the case of downlink TDD, NR requires the aggregation of 12 component carriers, each of BW 50MHz.

· Indoor Hotspot eMBB 36 TRxP: For downlink FDD, NR can achieve the area traffic capacity target of 10 Mbit/s/m2 by aggregating 3 component carriers, with 2 each of BW 50MHz and one of BW 20MHz. For the case of downlink TDD, NR requires the aggregation of 4 component carriers, with 3 each of BW 50MHz and one of BW 20MHz. 

Note that the presented evaluation assumes 15 kHz subcarrier spacing. Similar results can be evaluated for higher SCS. 

Observation:
NR Indoor Hotspot eMBB can meet the IMT-2020 minimum requirements for area traffic capacity for the case of FR1 in IMT Configuration A for both 12 and 36 TRxP deployment.
Frequency Range 2
In this section, we provide the evaluation results for Indoor Hotspot eMBB Configuration B [3] with carrier frequency of 30GHz i.e., in FR2. The spectral efficiency results from full-buffer system level simulations are shown in the following table.

Table 4: Average Cell Spectral Efficiency
	Downlink
Spectral Efficiency
(bits/s/Hz)
	Indoor Hotspot eMBB Configuration B 
CF = 30GHz, SCS = 120kHz, 
Channel Model B, TDD

	
	12 TRxP
	36 TRxP

	
Average ()
	10.308
	10.567




Based on the average spectral efficiency, we next evaluate the required BW to achieve the target area traffic capacity for downlink with 12 TRxP and 36 TRxP deployments.


Table 5: Required Bandwidth to Meet IMT-2020 Target Area Traffic Capacity
	IMT-2020 Minimum
Requirement
	Bandwidth (MHz) Required to Satisfy
Minimum Requirement

	
	12 TRxP
	36 TRxP

	10 Mbit/sec/m2
	641
	209



The following table shows the bandwidth supported by NR in Frequency Range 2 i.e., for operation with carrier frequencies above 24.25 GHz. 
Table 6: 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



Therefore from Table 5 and Table 6, we have:
· Indoor Hotspot eMBB 12 TRxP: NR requires the aggregation of 3 component carriers, one each of BW 400MHz, 200MHz and 50MHz respectively for 120 kHz subcarrier spacing to meet the target area traffic capacity for downlink.

· Indoor Hotspot eMBB 36 TRxP: NR requires a single 400MHz component carrier for 120 kHz subcarrier spacing, to meet the target area traffic capacity for downlink.
Observation:
NR Indoor Hotspot eMBB can meet the IMT-2020 minimum requirements for area traffic capacity for the case of FR2 in IMT Configuration B for both 12 and 36 TRxP deployment.


Conclusions  
In this paper, we have evaluated the analytical metric of area traffic capacity for NR Indoor Hotspot eMBB in FR1 and FR2 in the downlink. It was shown that using carrier aggregation, NR is easily able to meet the downlink area traffic capacity targets in both FR1 and FR2. 
.
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