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1. [bookmark: OLE_LINK2][bookmark: OLE_LINK1]Introduction
At RAN#84, NR coverage enhancement was identified as one of the RAN work areas for Rel-17. The email discussion on requirements, scenarios and key study areas as well as the drafting of the Study Item Description is ongoing and was well attended by industry.
In this paper we would like to emphasize once again the need to look at large coverage scenarios for 5G NR and express our support for the creation of a Rel.17 work item. Furthermore, we provide first system-level simulation results to further motivate work on coverage enhancements and prove our commitment to contribute to a study item in the working groups in Rel.17 with independent performance evaluation.
2. General Motivation and Market 
While studying the Scenarios and Requirement for Next Generation Access Technologies (5G) in RAN in Rel.14 there was operators’ interest in twelve deployments scenarios that have been captured in [1]. Still NR Rel.15 was primarily designed for high frequency, high throughput small and mid-range communication systems mostly in dense urban and urban macro environments. The evaluation for rural environments was mostly limited to an Inter-Site Distance ISD of 1732 m, although the H2020 self-evaluation activity also includes the Rural C scenario with an ISD of 6.000 m [4]. NR Rel.16 addressed Urban grid and highway scenarios for connected cars in the NR V2X work item. 
While coverage enhancements have been specified for IoT specifications (eMTC and NB-IoT), 5G enhanced Broadband applications (eMBB) for rural areas have been neglected so far. In our view, this leaves out a large number of poorly connected populations that live in rural areas without viable solution even for basic broadband communication. According to statistics from the International Telecommunications Union [3], internet penetration figures at the end of 2018 show that more than 3.9 billion people, representing 48.8% of the world's population, are not connected to the Internet [2]. 
The need for long range communication and deep rural coverage has been identified by many companies and can also be recognized by the interest in this study item. Earlier this year NGMN published a white paper on “Extreme Long Range Communication for Deep Rural Coverage” [2]. It states that there is a sound business justification to provide affordable Voice and Data Services for sparsely populated areas, such as Sub-Sahara Africa, but also for higher ARPU markets (Average Revenue per User) with wide rural areas, such as North Canada. Mobile network operators worldwide have both economic and social incentives to offer services to rural residents, but efficiently serving dispersed populations with current technologies is difficult and rural access lags significantly behind urban access.
3. Initial Performance Results 
The evaluation assumptions for the Rel.17 study item on coverage enhancements are not defined, yet. Two alternatives could be chosen from previous work on rural coverage. There are Rural scenarios defined by the ITU-R in [4]. The Rural C scenario has the largest coverage with ISD = 6.000 m and could be extended. This scenario is also referred to as Low Mobility Large Cell (LMLC). On the other hand, 3GPP defined in TS38.913 [1] an extreme long distance coverage scenarios with an isolated cell and a range up to 100 km with UE mobility of 160 km/h. In the following, both scenarios / models will be used to generate first simulations results. The parameters are summarized in the Table 1. 
[bookmark: _Ref25941401]Table 1: Simulation parameters for data rate and spectral efficiency analysis 
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Simulations are done by extending the calibrated system level simulator that is also being used in the IMT-2020 evaluation process under the umbrella of the 5G Infrastructure Association, which collaborates with the EU in the context of the 5G-PPP program. Simulations are conducted for NR FDD in 700 MHz for full buffer traffic. Results are provided for the uplink PUSCH assuming the uplink being the limiting link. There were some other views stated during the email discussion, cf. [5] for an overview companies views on the matter. For this set of simulation, PDCCH resource allocation and channel state information are error free with the respective delays according to specification. It might be beneficial to use more realistic error modelling of the control channels during the Study Item phase to increase accuracy of the results. 
Figure 1 shows the user throughput Cumulative Density Function (CDF) for the UEs according to the distance from the gNB. As can be seen the UEs throughput already severely degrades with a distance of a few kms from the base station. 
[image: ] 
[bookmark: _Ref25985407]Figure 1: User throughput CDF for an isolated cell in extreme coverage
[bookmark: _GoBack]The users median throughput (CDF = 0.5) for UE within a 1 km from the base station provides around 30 Mbps, but it quickly degrades to less than 1 Mbps if located between 6 – 7 km. Somewhat surprisingly the Rural C LMLC multi-cell scenarios performs much better than the 3GPP Extreme Coverage scenario for a single cell. It seems that the site diversity in the multi-cell scenarios more than compensates the inter-cell interference effect. Furthermore, the sectorization in the rural C scenario increases the antenna gain (8 dB antenna gain) of the gNB antenna compared to the isolated cell scenario with an omni-directional antenna (3 dB antenna gain), which does not assume sectorization. 
In Figure 2 the user throughput performance for the Rural C scenario is illustrated. As can be seen the throughput distribution of a multi-cell simulation is very different from the isolated cell previously shown. First, the range of achieved data rates is much smaller due to the neighbor cell interference. While the average data rate for UEs within 1 km to the base station was in the tens of Mbps in the isolated cell, it is about 3 Mbps in this multi-cell scenario. While the peak data rates are limited, the 5%-tile performance indicates a reasonable performance even for the remote UEs.  
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[bookmark: _Ref25986703]Figure 2: Figure 3: User throughput CDF for an isolated cell in extreme coverage
The 5G requirements for rural eMBB scenarios are defined as 100 kbps for the uplink [7]. Table 2 provides for the uplink Extreme Coverage scenario the 5%-tile spectrum efficiency (SE), the 5%-tile user throughput as well as the average cell spectrum efficiency and average user throughput for different drop ranges. The drop range of 8 km for instance drops the UEs within the range of 8 km from this isolates site. The 5G data rate requirement of 100 kbps can be fulfilled for 8 km, but not for 10 km case (if we take the 5%-tile throughput as criterion). 
[bookmark: _Ref25943443]Table 2: Performance figures for Extreme Coverage Scenario according to 3GPP TS38.913
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Table 3 provides the respective performance figures for the uplink Rural C scenario for different Inter-Site Distances.  In this case the UEs are dropped within the whole coverage area. As can be seen in the table for ISD = 20 km the 100 kbps requirements can still be fulfilled in Rural C. Once again, the reason being that the UEs have the possibility to connect to different sites depending on the instantaneous fading conditions. 
[bookmark: _Ref25943680]Table 3: Performance figures for the Rural C scenario according to ITU-R M.2412-0
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Overall it can be concluded that the extreme long distance requirements of TS38.913 of 100 km ISD can surely not be fulfilled. For isolated cells scenarios in TR38.913 the performance for 10 km can already not be met, while for rural C the minimum throughput figures of 100 kpbs in uplink for ISDs of 20 km still look reasonable. Care should be taken in the selection of the simulation scenario and parameters. 
4. Conclusions
In this paper we emphasize the need to enhance NR for large coverage scenarios and express our support for the creation of a corresponding Rel.17 study item. This is motivated on the one hand by the need of broadband applications for poorly connected populations in rural areas that represent a large portion of the world’s population and, on the other hand by a sound business justification to provide affordable Voice and Data Services for such sparsely populated areas.
To stimulate this work further, we provided first simulation results for rural scenarios based on the ITU-R Rural C (LMLC) model and the requirements for extreme long distance coverage of 3GPP RAN in TR38.913. These initial simulation results indicate that enhancements are indeed required to increase cell sizes supported by NR toward long distance sizes. 
Once the study item is approved at RAN#86, we are committed to contribute to a study item in the working groups with independent performance evaluations.
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6. Annex 
[bookmark: _Ref530485594]Table 1 Main simulation parameters
	Parameter
	Assumption

	Carrier Frequency
	700MHz

	Bandwidth
	10MHz

	Subcarrier Spacing
	15kHz

	Duplexing
	FDD

	Data Traffic Model
	UL fill buffer traffic is used, where the transmit buffers are refilled every 0.5 ms. Packets have fixed sizes of 1500 bytes. DL traffic does not exist.


	Modulation
	Up to 256QAM

	Transmission Scheme
	Closed-loop SU-MIMO with rank adaptation

	Percentage of High Loss and Low Loss Building Type
	100% low loss

	Wrapping Around Method
	Geographical distance based wrapping

	Power Backoff Model
	Backoff model as detailed in 3GPP TS 38.101-1/2 V15.6.0

	Handover Margin
	3dB

	Pedestrian and In-Car
UE (both indoor and outdoor)
	Antenna Height
	1.5m

	
	Antenna Gain
	0dBi

	
	Transmit Power
	23dBm

	
	Number of Antennas
	1 TX cross-polarized antenna (M,N,P) = (1,1,2)

	
	Number of TxRU
	1 TxRU per polarization

	
	Noise Figure
	7dB

	
	Thermal Noise Level
	-174dBm/Hz

	BS
	Antenna Height
	35m

	
	Antenna Gain
	8dBi for sectorized, 3dBi for omni-directional

	
	Number of Antennas
	32 RX cross-polarized antennas (M,N,P) = (8,4,2)

	
	Number of TxRU
	4 TxRUs per polarization

	
	Mechanical Tilt
	90 degrees in GCS

	
	Electrical Tilt
	92 degrees in LCS

	
	Noise Figure
	5dB

	
	Thermal Noise Level
	-174dBm/Hz

	
	Receiver Type
	MMSE-IRC



The main parameters of the scenario layout are listed in Table 2 for Rural C (LMLC) and Extreme Long-Range (ELR) scenarios.
[bookmark: _Ref530747182]Table 2 Layout and mobility parameters.
	Parameter
	Assumption

	Inter-site Distance
	6km for Rural C scenario
Isolated Cell for ELR scenario

	TRxP Number per Site
	3 for Rural C scenario
1 for ELR scenario

	Device Deployment
	40% Indoor, 40% Outdoor pedestrian, 20% Outdoor In-car for Rural C scenario
100% Outdoor UEs for ELR scenario

	UE Density
	10 UEs/TRxP

	Absolute Vehicle Speed
	3km/h for pedestrian, 30km/h for in-car UE at Rural C scenario
160km/h for in-car UE at ELR scenario

	Mobility Model
	Fixed speed of all UEs, randomly and uniformly distributed direction



[bookmark: _Ref530551830]Table 3 Channel modeling parameters.
	Parameter
	Assumption

	Pathloss model
	Pathloss Model RMa_B as detailed in ITU-R M.2412-0 Table A1-5, including the difference for NLOS of LMLC scenario  compared to the channel model specified in 3GPP TR 38.901

	Fast fading
	RMa with Statistical LoS/NLoS model Model as detailed in 3GPP TR 38.901 V14.1.1



image2.png
CDF of UE Throughput for Specific Ranges where UEs are deployed with Drop Radius=10km
1

CDF

09

0.8

0.7

0.6

0.5

04

0.3

0.2

0.1

~—— UE-serving BS distance 0-Tkm
| —— UE-serving BS distance 1-2km
| UE-serving BS distance 2-3km
| —— UE-serving BS distance 3-4km
| UE-serving BS distance 4-5km
| —— UE-serving BS distance 5-6km
~—— UE-serving BS distance 6-7km
| —— UE-serving BS distance 7-8km
| —— UE-serving BS distance 8-9km
—— UE-serving BS distance 9-10km

0 0.5 1 1.5 2 25 3 35 4 4.5
Throughput [bps]

5
x107





image3.png
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