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Introduction
This contribution contains a preliminary evaluation of NR link budgets. The results are compared to the 3GPP requirements on extreme coverage in TR 38.913 [1], and it is discussed how the results can be used as part of the IMT-2020 submission. The results indicate that the 3GPP requirements can be reached. 
Requirements
3GPP and IMT-2020 differ in requirements and evaluation methodology related to coverage and link budgets. 
3GPP requirements
The 3GPP requirements on ‘Extreme Coverage’ in [1] state that: 
“For a basic MBB service characterized by a downlink datarate of 2Mbps and an uplink datarate of 60kbps for stationary users, the target on maximum coupling loss is 140dB. For mobile users a downlink datarate of 384kbps is acceptable.
For a basic MBB service characterized by a downlink datarate of 1Mbps and an uplink datarate of 30kbps for stationary users, the target on maximum coupling loss is 143dB. At this coupling loss relevant downlink and uplink control channels should also perform adequately.”
These are to be reached using the assumptions of Table 1.
[bookmark: _Ref513451277]Table 1. MaxCL calculation assumptions
	UE Tx power 
	23dBm

	DL Tx power
	46dBm

	eNB receiver noise figure
	5dB

	UE receiver noise figure
	9dB

	Interference margin
	0dB


IMT-2020  
There are no IMT-2020 requirements on coverage in [2], but a link budget should be submitted as part of the submission, for which templates are provided in [3]. The result of these link budgets are path loss and range, which in addition to coupling loss also rely on assumptions on e.g. antenna gains, fading margins, and propagation models.
Methodology, Models and Assumptions 
The maximum supported coupling loss is defined as the difference between the transmitted power and the receiver sensitivity, i.e. the minimum received power for acceptable quality. The sensitivity in turn is determined by link simulations for the different data and control channels, and assumptions on noise figures and interference margins. Link simulations are run for a non-LOS TDL A channel, with 100ns delay spread and a speed of 3km/h.  Non-ideal channel estimation is assumed. Evaluations are done for the 15kHz numerology at 800MHz with 10MHz bandwidth, and for the 30kHz numerology at 3,5GHz with 100MHz bandwidth. The UE receiver is assumed to have two receive antennas for 800MHz. For 3,5GHz the UE is assumed to use four receive antennas for all channel but PSS/SSS. Base station power allocation is uniform over the frequency. The total base station power is 46dBm for 800MHz and 53dBm for 3.5GHz.
Coupling Loss
Figure 1 shows the maximum supported coupling loss for different downlink and uplink control and data channels for a 15kHz numerology at 800MHz carrier frequency. Note that the carrier frequency here affects only the Doppler, which has a small impact on the link performance, and that similar results can be expected at other frequencies. In order to verify the dependency of the maximum coupling loss on control channel quality, for some channels different quality requirements in terms of error rates are included. 
It is seen that all control channels support a coupling loss of 143dB. In the figure, message 3 (7 Byte) is an exception, which reaches 142dB for a 10% initial error rate. Already discussed improvements for message 3 [5]-[9] are expected to make the requirement reachable. For the data channels, it is seen that both the targets of 143dB and 140dB are reached.
Figure 2 shows similar results also for a 30kHz numerology at 3500MHz. Here the carrier bandwidth is 100MHz and the base station power is 53dBm, which without power boosting leads to 3dB lower downlink power spectral density. This is compensated for by the use of four receive antennas for all channels but the PSS/SSS, and the results are similar to those for 15kHz numerology. For the PSS/SSS the results are about 3dB worse. For the uplink, due to the halved transmission time (0.5ms vs 1.0ms), there is a drop in supported coupling loss of about 3dB.
[image: ]
[bookmark: _Ref513456021]Figure 1. Preliminary results of maximum coupling loss for 15kHz numerology at 800MHz.  
[image: ]
[bookmark: _Ref513463057]Figure 2. Preliminary results of maximum coupling loss for 15kHz numerology at 800MHz and 30kHz numerology at 3500MHz.  
Observation 1: The 3GPP requirements on extreme coverage can be reached.
Pathloss and Range
To estimate the supported pathloss, the maximum coupling loss needs to be complemented by antenna gains, building losses, margins for fading and handover gains. 
By first adding the antenna gains to the coupling loss, a maximum supported isotropic loss can be calculated. The antenna gains for the different channels, depending on whether they can be UE-specifically beamformed or not. In the figure below, it assumed that all channels except PSS/SSS and PBCH are UE-specifically beamformed. For simplicity, base station antenna gains of 17dBi for non-beamformed channels and 26dBi for beamformed channels are assumed. A 0dBi UE antenna gain is also assumed.
It is seen that the channels that can be beamformed now get a relative improvement over the non-beamformed channels. For a given isotropic loss this would translate to e.g. less resources used for PDCCH, and higher datarates for PDSCH and PUSCH.
To fill in the IMT-2020 link budget, the isotropic loss should be complemented with building losses, margins for fading and handover gains to get a maximum pathloss, as well as a propagation model to get a maximum distance.
[image: ] 
Figure 3. Preliminary results of maximum isotropic loss for 30kHz numerology at 3500MHz.  

Summary
[bookmark: _In-sequence_SDU_delivery]Observation 1: The 3GPP requirements on extreme coverage can be reached.
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