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Introduction
In RAN#86 meeting, new study item on NR coverage enhancement [1] was agreed. Some of objectives of this study item are showing below,
· The target scenarios and services include
· Urban (outdoor gNB serving indoor UEs) scenario, and rural scenario (including extreme long distance rural scenario) for FR1
· Indoor scenario (indoor gNB serving indoor UEs), and urban/suburban scenario (including outdoor gNB serving outdoor UEs and outdoor gNB serving indoor UEs) for FR2.
· TDD and FDD for FR1.
· VoIP and eMBB service for FR1.
· eMBB service as first priority and VoIP as second priority for FR2.
· LPWA services and scenarios are not included.
· Identify baseline coverage performance for both DL and UL for the above scenarios and services based on link-level simulation
· UL channels (including PUSCH and PUCCH) are prioritized for FR1.
· Both DL and UL channels for FR2.
In this contribution, we discuss the NR coverage enhancement scenarios and the simulation methodology.
Baseline coverage for FR1
Before the study item was agreed, there were extensive discussions on the scenarios and objectives of the coverage enhancement over the RAN email reflector. During the discussion, the coverage concerns cover almost all channels. It is obvious deviating the target of this SI. For this study, the focus should identify the coverage bottleneck of specific channel first, then specify the schemes to improve the coverage. The coverage extension should be avoided, it could also cause the working area overlapping with SI reduced capability NR device. 
Observation 1: Coverage enhancement study focuses on specific channels with the coverage bottleneck, coverage extension should avoid.
· Identify the coverage bottleneck of PRACH, msg3, VoIP, PUSCH and PUCCH formats in the UL
· Identify the coverage bottleneck of PBCH, PSS/SSS, VoIP, PDCCH formats, PDSCH in the DL
For FR1 Urban (outdoor gNB serving indoor UE) scenario, the following points could be better to clarify first.
· gNB served users are all indoor users.
· TDD NR frame structure in the evaluation, i.e., UL/DL ratio
For the rural area coverage scenario, to support the extreme coverage should not be prioritized, as it is not the typical deployment scenario, the target DL and UL data rate need to be considered additionally.
In Rel.15 NR design, serval techniques were already specified to support the coverage enhancement, such as the time domain transmission/reception repetition, frequency hopping, and PUSCH repetition enhancement in Rel.16, these should be the baseline for the further enhancement of the coverage.
Observation 2: Existing defined coverage enhancement techniques should be the benchmark for further coverage enhancement. 
Evaluation methodology
To identify the coverage issue, MCL based evaluation methodology can be used. The maximum coupling loss (MCL) is the limit value of the coupling loss at which the service can be delivered, and therefore defines the coverage of the service. It is defined in the UL and DL, and is evaluated via the link budget analysis. The following MCL calculation table can be considered for evaluation.
 
Table1: MCL calculation table
	Physical channel name
	Value

	Transmitter
	

	(1) Tx power  (dBm)
	

	Receiver
	

	(2) Thermal noise density (dBm/Hz)
	

	(3) Receiver noise figure (dB)
	

	(4) Interference margin (dB)
	

	(5) Occupied channel bandwidth (Hz)
	

	(6) Effective noise power
         = (2) + (3) + (4) + 10 log(5)  (dBm)
	

	(7) Required SINR (dB)
	

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	

	(9) MCL 
         = (1)  (8) (dB)
	



For the detailed link level simulation assumption, the following common simulation parameters can be considered in the evaluation. In addition, some channel specific parameters would be required, such as probability of missed detection, probability of false alarm for PRACH and PUCCH evaluation.

Table 2: the common link level simulation parameter
	Parameters
	NR

	Carrier frequency
	4GHz

	Waveform
	DL: CP-OFDM
UL: CP-OFDM as the starting point

	Numerology
	15kHz

	Services and bit rates
	VoIP: DL 12.2 kbps, UL 12.2 kbps
Uband: DL 10Mbps, UL 1Mbps
Rural: DL 1Mbps, UL 100kbps

	Channel bandwidth
	20 MHz

	Target BELR
	Up to evaluated channel

	DMRS overhead
	Rel.15 NR DMRS

	Antenna configuration eNB
	8tx, 8rx 

	Antenna configuration UE
	4rx, 1tx 

	Propagation channel & UE velocity
	TDL-A 30ns and TDL-C 300ns in TR38.901, 3km/h,

	Channel estimation
	Ideal channel estimation for calibration
Realistic channel estimation

	Metric for calibration
	BLER vs. SNR



Proposal 1: The common LLS assumptions in Table 2 can be considered for performance evaluation, including the carrier frequency, gNB and UE antenna configuration, waveform, numerology, propagation channel, etc.
Summary
In this contribution, we discuss the coverage enhancement scenarios and simulation assumption, and have the following observations and proposal:
Observation 1: Coverage enhancement study focuses on specific channels with the coverage bottleneck, coverage extension should avoid.
· Identify the coverage bottleneck of PRACH, msg3, VoIP, PUSCH and PUCCH formats in the UL
· Identify the coverage bottleneck of PBCH, PSS/SSS, VoIP, PDCCH formats, PDSCH in the DL
Observation 2: Existing defined coverage enhancement techniques should be the benchmark for further coverage enhancement. 
Proposal 1: The common LLS assumptions in Table 2 can be considered for performance evaluation, including the carrier frequency, gNB and UE antenna configuration, waveform, numerology, propagation channel, etc.
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