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1. Introduction
In previous RAN 86 meetings, NR coverage enhancements study item is agreed, and the scope of this SI is given by [1].
The objective of this study item is to study potential coverage enhancement solutions for specific scenarios for both FR1 and FR2. The detailed objectives are as follows.
· 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.
· Identify the performance target for coverage enhancement, and study the potential solutions for coverage enhancements for the above scenarios and services
· The target channels include at least PUSCH/PUCCH 
· Study enhanced solutions, e.g., time domain/frequency domain/DM-RS enhancement (including DM-RS-less transmissions)
· Study the additional enhanced solutions for FR2 if any
· Evaluate the performance of the potential solutions based on link level simulation.
To identify the bottlenecks of Rel-15/Rel-16 physical channels, we provide coverage performance of different channels in Urban scenario and Rural scenario for NR FR1 in this contribution. Link level simulation and link budget calculation used in [2] is reused. The detailed simulation assumptions are analyzed and provided in [3], also listed in the Appendix.
1. Evaluation assumptions
In IMT-2020, evaluation methodologies have been well discussed for self-evaluation, and the coupling loss and coverage evaluation model can also be reused for this study item to identify the physical channels requiring enhancement. For link level simulation, the detailed parameters are shown in Appendix Table 3, Table 4 and Table 5.
Besides, target ISD in each scenario are provided in [4]. As guided by [1], Urban and Rural scenarios are evaluated, the target ISD and the corresponding coverage range are given in the following table.
[bookmark: Table4]Table 1 target ISD and coverage range
	scenarios
	Urban(macro)
	Rural(4GHz TDD or 2GHz FDD)
	Rural(700MHz,extreme long distance coverage)

	target ISD
	500m
	1732m
	5000m


Beamforming gain should be considered in link budget calculation. For transmission and receptions other than DL broadcast channels, ideal beamforming gain can be assumed at gNB. For DL broadcast channels, the beamforming gain loss due to fixed and wider beam for broadcast channels should be modeled, the detailed model is given in [3], also given in the Appendix B.
It is noteworthy that the evaluation methodologies and assumptions used in coverage enhancement SI can also be used as a baseline for other device types, e.g. for Redcap UE.
[bookmark: _Hlk40392195]Proposal 1: The coverage evaluation methodology based on link budget calculation and link level simulation in ITU self-evaluation can be considered as baseline in NR coverage enhancement SI, and for other device types, e.g. Redcap UEs.
1. Evaluation results
In this section, the evaluation results for different scenarios is given, including isotropic coupling loss and max coverage range for both TDD and FDD. Channel model A is considered as the pathloss model.
· Urban
The target ISD of Urban scenarios is 500m for 4GHz carrier frequency, which means the target cell radius should be greater than 289m. NLOS outdoor-to-indoor path loss model is considered in the evaluation.
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Figure 1 isotropic coupling loss in TDD Urban scenario, NLOS O-to-I
[image: ]
Figure 2 max coverage range in TDD Urban scenario, NLOS O-to-I
[bookmark: _Ref32407885]Observation 1: In TDD urban scenario, coverage of SSB and PDCCH (broadcast) is obviously inferior to other downlink channels, and coverage of UL channels, except for PUCCH format 1, cannot meet ISD=500m target.
· Rural
The target ISD of rural scenario is 1732m for 2G or 4GHz carrier frequency, and 5000m for 700MHz carrier frequency, so the target cell radius should be longer than 1000m and 2887m, respectively. Following scenarios are evaluated:
· TDD with 4GHz carrier frequency (NLOS outdoor-to-outdoor/NLOS outdoor-to-indoor)
· FDD with 2G carrier frequency (NLOS outdoor-to-outdoor/NLOS outdoor-to-indoor)
· FDD with 700MHz carrier frequency (NLOS outdoor-to-outdoor)
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Figure 3 isotropic coupling loss in TDD Rural scenario, NLOS O-to-O
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Figure 4 max coverage range in TDD Rural scenario, NLOS O-to-O


Figure 5 isotropic coupling loss in TDD Rural scenario, NLOS O-to-I
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Figure 6 max coverage range in TDD Rural scenario, NLOS O-to-I
[bookmark: _Ref32407962]Observation 2: In TDD rural outdoor to outdoor scenario, all downlink channels and PUCCH format1 can satisfy coverage requirement, PRACH, PUSCH and PUCCH format3 cannot meet the target coverage requirement.
[bookmark: _Ref32407992]Observation 3: In TDD rural outdoor to indoor scenario, all downlink channels can reach target coverage, while all uplink channels cannot meet the target coverage requirement.
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Figure 7 isotropic coupling loss in FDD Rural scenario, NLOS O-to-O, 2GHz
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Figure 8 max coverage range in FDD Rural scenario, NLOS O-to-O, 2GHz
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Figure 9 isotropic coupling loss in FDD Rural scenario NLOS O-to-I, 2GHz
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Figure 10 max coverage range in FDD Rural scenario, NLOS O-to-I, 2GHz
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Figure 11 isotropic coupling loss in FDD Rural scenario, NLOS O-to-O, 700MHz
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Figure 12 max coverage range in FDD Rural scenario, NLOS O-to-O, 700MHz
[bookmark: _Ref32408027]Observation 4: In FDD Rural scenario, all physical channels can meet target coverage requirement. While for target ISD of 30km in 700MHz scenario, broadcast PDCCH channel and all of uplink channels cannot reach the expected performance.
1. Bottleneck of the physical channels
Based on the evaluation results provided in section 3, the performance gap between the target MCL based on evaluation and the target coverage requirements in terms of isotropic loss are summarized in the following table.
Table 2 performance gap between isotropic loss and target coverage requirements
	Gap in dB
	PDSCH eMBB
	PDSCH voip
	PDCCHUE
	PDCCH CSS
	SSB
	PUSCH eMBB
	PUSCH voip
	MSG3 56bits
	MSG3 144bits
	PRACH
	PUCCHformat 1
	PUCCHformat 3

	Dense
Urban
500m
	-9.54
	-8.94
	-8.63
	5.1
	2.21
	11.41
	6.18
	1.44
	3.47
	5.66
	-1.51
	1.9

	Dense
Urban
350m
	-15.6
	-14.99
	-14.69
	2.07
	-0.81
	5.35
	0.13
	-0.82
	-2.58
	-0.4
	-7.57
	-4.15

	Rural
TDD
O-to-O
	-13.64
	-14.18
	-13.1
	-6.59
	-9.71
	2.89
	5.06
	0
	2.4
	5.48
	-1.3
	2.14

	Rural
TDD
O-to-I
	-11.89
	-12.52
	-11.62
	-5.12
	-8.01
	5.58
	7.67
	2.93
	4.97
	7.39
	0.22
	3.64

	Rural
FDD
O-to-O
	-23.47
	-23.68
	-22.96
	-13.45
	-15.82
	-7.59
	-3.86
	-9.37
	-7.01
	-3.55
	-9.98
	-7.92

	Rural
FDD
O-to-I
	-21.45
	-21.85
	-21.56
	-12.05
	-15.1
	-5.64
	-1.18
	-7.09
	-4.64
	-2.05
	-8.12
	-6.55

	Rural
FDD
700M
	-39.33
	-39.35
	-37.74
	-28.65
	-31.3
	-24.27
	-20.9
	-25.97
	-23.63
	-22.69
	-26.61
	-24.73


The negative values in green means the coverage of the physical channels can meet the target requirement in corresponding scenario, and the positive values in red shows performance gap compared with the target isotropic loss. Meanwhile, the values which are close to the target threshold with limited performance margin are marked with yellow. Based on the above tables, we have following proposals:
[bookmark: _Ref32408923]Proposal 2: SSB and PDCCH (broadcast) need to be enhanced in the following scenarios 
· Urban
[bookmark: proposal2][bookmark: proposal3][bookmark: _Ref32409112]Proposal 3: PUCCH need to be enhanced in the following scenarios
· Urban
· Rural TDD 
[bookmark: proposal4][bookmark: _Ref34328662]Proposal 4: PRACH need to be enhanced in the following scenarios
· Urban
· Rural TDD 
[bookmark: proposal5][bookmark: _Ref32409260]Proposal 5: PUSCH need to be enhanced in the following scenarios
· Urban 
· Rural TDD
[bookmark: proposal6][bookmark: _Ref32409611]Proposal 6: Coverage for all physical channels in rural FDD scenario can reach the target coverage.
1. Conclusion
In this contribution, we provide our evaluation results in Urban scenario and Rural scenario including TDD and FDD mode with the following observations and proposals:
Observation 1: In TDD urban scenario, coverage of SSB and PDCCH (broadcast) is obviously inferior to other downlink channels, and coverage of UL channels, except for PUCCH format 1, cannot meet ISD=500m target.
Observation 2: In TDD rural outdoor to outdoor scenario, all downlink channels and PUCCH format1 can satisfy coverage requirement, PRACH, and PUSCH and PUCCH format3 cannot meet the target coverage requirement..
Observation 3: In TDD rural outdoor to indoor scenario, all downlink channels can reach target coverage, while all uplink channels cannot meet the target coverage requirement.
Observation 4: In FDD Rural scenario, all physical channels can meet target coverage requirement. While for target ISD of 30km in 700MHz scenario, broadcast PDCCH channel and all of uplink channels cannot reach the expected performance. 
Proposal 1: The coverage evaluation methodology based on link budget calculation and link level simulation in ITU self-evaluation can be considered as baseline in NR coverage enhancement SI, and for other device types, e.g. Redcap UEs.
Proposal 2: SSB and PDCCH(broadcast) need to be enhanced in the following scenarios 
· Urban
Proposal 3: PUSCH need to be enhanced in the following scenarios 
· Urban 
· Rural TDD
Proposal 4 PRACH need to be enhanced in the following scenarios
· Urban
· Rural TDD 
Proposal 5: PUSCH need to be enhanced in the following scenarios 
· Urban 
· Rural TDD
Proposal 6: Coverage for all physical channels in rural FDD scenario can reach the target coverage .
Appendix A: Evaluation assumptions for physical channels
Table 3 Evaluation parameters for downlink data channels
	Parameters
	PDCSH 10Mbps
	PDSCH 1Mbps
	PDSCH voip

	Frame structure for TDD
	DDDSU DDSUU

	Occupied channel bandwidth
	82RB for 30kHz
	8RB for 30kHz
11RB for 15kHz
	4RB for 15 or 30kHz


	TBS
(coderate around 1/3)
	8472 for 30kHz
	848 for 30kHz
1128 for 15kHz
	320 for 15 or 30kHz

	Target BLER
	0.1

	Channel model
	TDL-C

	Delay spread
	300ns

	DMRS Overhead assumption
	Type I, two DMRS symbol, no multiplexing with data

	Slot configuration
	All DL slots allocated for PDSCH
	One slot every 2 frames


Table 4 Evaluation parameters for uplink data channels
	Parameters
	PUCSH 1Mbps
	PUSCH
100kbps
	PUSCH
voip
	PUSCH
MSG3 56bit
	PUSCH
MSG3 144bit

	Frame structure
	DDDSU DDSUU

	Occupied channel bandwidth
	30RB for 30kHz
	4RB for 15kHz
or 30kHz
	4RB for 15 or 30kHz

	4RB for 15 or 30kHz

	4RB for 15 or 30kHz


	TBS
( coderate  around 1/3)
	1672 for 30kHz
	168 for 30kHz
112 for 15kHz

	320 for 15 or 30kHz
	56 for 15 or 30kHz
	144 for 15 or 30kHz


	Target BLER
	0.1

	Channel model
	TDL-C
TDL-D(for rural 700M)

	Delay spread
	300ns

	DMRS Overhead assumption
	Type I, one DMRS symbol for UE speed 3km/h,
two DMRS symbol for UE speed 120km/h

	Slot configuration
	All UL slots allocated for PUSCH


Table 5 Evaluation parameters for control channels
	Parameters
	PDCCH
(UE/broadcast)
	PBCH
	PRACH
	PUCCH

	Format type
	CCE0 AL=8 DCI size = 39bits
	4-shot combining
	Format B4
	Format 1, 2bit UCI using 14 OFDM symbols
Format 3, 8bit UCI using 14 OFDM symbols

	Occupied channel bandwidth
	48RB
	20RB
	12RB
	1RB

	Target BLER
	0.01

	Channel model
	TDL-C
TDL-D (for rural 700M)

	Delay spread
	300ns


Table 6 Evaluation parameters for detail scenario assumptions
	Parameters
	Values

	Scenario
	Urban
	Rural
	Rural with long distance

	Duplexing scheme and frequency
	4GHz TDD
	4GHz TDD/
2GHz FDD
	700MHz FDD

	Subcarrier spacing
	30kHz
	30kHz for TDD and 15kHz for FDD
	15kHz

	Pathloss model (select from LoS or NLoS)
	NLos
	NLos
	Los

	UE velocity
	3 km/h
	120 km/h for outdoor
3 km/h for indoor
	120 km/h

	Tx Power
	gNB: 51dBm
for BW = 100MHz
UE: 23dBm
	gNB: 56dBm
for BW = 100MHz
UE: 23dBm
	gNB: 56dBm
for BW = 100MHz
UE: 23dBm

	Number of BS antennas
	192
	64
	64

	Number of TXRU for BS
	2

	Number of UE antennas
	1

	Number of TRXU for UE
	1 for uplink
4 for downlink(2 for SSB)


Appendix B: beamforming gain model for broadcast channels
A simplified broadcast beamforming model are given as follows. If there is only 1 SSB covering the whole cell, no beamforming gain (0dB) will be achieved, and 3dB BF gain can be assumed if 2 SSB is used, which means the BF gain of the broadcast channel is linearly increased with the number of SSBs. 

Besides, the beamforming gain caused by the deviation from the normal direction are illustrated in Figure 1. Assuming the antenna panel at gNB is down tilt with 0 degree (other assumptions are not precluded), and UE is assumed to be located at the cell edge assuming the target ISD is met, which means the ‘d_2D’ is the cell radius, the propagation path ’d_3D’ is deviated from the center of center of the broadcast beam and leads to beamforming gain loss. The degree of deviation can be calculated first, and then obtain the gain loss using the radiation pattern model provided in [5], given as follows,

where the  is the deviation angle in degree,  is the beam width in degree with in which the gain loss is with in 3dB. Hence, the actual BF again for broadcast channels are given by

[image: ] [image: ]
[bookmark: _Ref40420125]Figure 13 typical propagation model and radiation pattern for broadcast beams
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