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1. Introduction
At the RAN#86 meeting, the new SI on NR coverage enhancement was approved [1]. The objectives of the SI are captured as follows.
	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.



In this contribution, we discuss on the simulation assumption for baseline coverage performance for both DL and UL based on link-level simulation for FR1.

2. Discussion on simulation assumption for baseline coverage performance for FR1
2.1 Maximum coupling loss (MCL) methodology
The maximum coupling loss (MCL) is the limit value of the coupling loss between the UE antenna ports and gNB antenna ports over channel link, and the MCL methodology is widely used for the study on the coverage of the service [2-3]. Therefore, MCL methodology is used for the study of NR coverage enhancement, and proposed MCL calculation template is described in Table 1.

Table 1: MCL calculation template
	Physical channel name
	Value

	Transmitter
	

	(1) Tx power  (dBm)
	

	(2) Tx antenna gain (dBi)
	

	Receiver
	

	(3) Rx antenna gain (dBi)
	

	(4) Thermal noise density (dBm/Hz)
	

	(5) Receiver noise figure (dB)
	

	(6) Interference margin (dB)
	

	(7) Occupied channel bandwidth (Hz)
	

	(8) Effective noise power
	

	         = (4) + (5) + (6) + 10 log(7)  (dBm)
	

	(9) Required SINR (dB)
	

	(10) Receiver sensitivity
	

	         = (8) + (9) (dBm)
	

	(11) Implementation mergin (including cable/body loss) (dB)
	

	(12) Shadow fading margin
	

	(13) Penetration mergin (dB)
	

	(14) MCL
	

	         = (1) + (2) + (3) - (10) - (11) - (12) - (13) (dB)
	



Proposal 1: Maximum coupling loss (MCL) methodology is used for the study of NR coverage enhancement. The proposed MCL calculation template is given in Table 1.

2.2 General parameters
General parameters for MCL evaluation should be defined as the simulation assumption, and the candidate parameters are listed as follows. Several parameters are already captured in [1], and values used in [2-5] can be the baseline for the simulation assumption. Our proposed parameters are summarized in Table 2.

· Service and scenario: captured in [1]
· Target data rate: captured in [1] for eMBB, and referring to [2] for VoIP
· Center frequency: middle frequency among B77, B78, and B79 is considered
· System bandwidth: maximum bandwidth is considered
· SCS: 30 kHz may be considered for FR1.
· gNB and UE Tx power: referring to [3]
· gNB and UE antenna configurations: 4 UE Rx antenna port is considered as in [4]
· gNB and UE noise figures: referring to [3]
· Thermal noise PSD: referring to [2]
· Radio channel: referring to [5]
· Delay spread: referring to [5]
· Mobile speed: consider mobile speed of pedestrian 

Table 2: General parameters for MCL evaluation
	　
	FR1

	Service
	VoIP
	eMBB

	Scenario
	OtoI
	Rural
	OtoI
	Rural

	Target data rate
	12.2 kbps
	12.2 kbps
	10 Mbps
	1 Mbps

	Center frequency
	4.1 GHz

	System bandwidth
	100 MHz

	SCS
	30 kHz

	gNB Tx power
	44 dBm

	UE Tx power
	23 dBm

	gNB antenna configuration
	4 Tx, 4 Rx

	UE antenna configuration
	2 Tx, 4 Rx

	gNB receiver noise figure
	5 dB

	UE receiver noise figure
	7 dB

	Thermal noise PSD
	-174 dBm/Hz

	Radio channel
	TDL-C
	TDL-C
	TDL-C
	TDL-C

	Delay spread
	240
	363
	240
	363

	Mobile speed
	3 km/h
	3 km/h
	3 km/h
	3 km/h



Proposal 2: General parameters listed in table 2 should be defined for MCL evaluation. Our proposed values are also listed in the table.

2.3 Channel-specific parameters
Channel specific parameters for MCL evaluation should be defined as the simulation assumption, and the candidate parameters are listed as follows. Several parameters can be selected by each company based on their considerations, and the selected values need to be indicated by each company with their evaluation results. Our proposed parameters are summarized in Table 3.

· QoS target: referring to [2], and residual BLER after retransmission (rBLER) may be sufficient for the evaluation to consider HARQ process at cell edge.
· Max number of HARQ retransmissions: to be indicated by each company
· Number of RBs: to be indicated by each company
· MCS number: to be indicated by each company
· Aggregation level: to be indicated by each company
· Frequency hopping: to be indicated by each company
· Number of repetition: to be indicated by each company
· PUSCH format: considering beam management for FR1, long PUSCH format may be selected
· Payload size: to be indicated by each company 

Table 3: UL and DL channels parameters for MCL evaluation
	Channel
Assumptions
	PDCCH
	PDSCH
	PUCCH
	PUSCH

	
	
	
	
	

	QoS Target
	VoIP
	1% BLER
	2% rBLER
	1% BLER
	2% rBLER

	
	eMBB
	
	2% rBLER
	
	2% rBLER

	Max number of HARQ retransmissions
	-
	TBI
	-
	TBI

	Number of RBs
	TBI
	TBI
	TBI
	TBI

	MCS number
	-
	TBI
	-
	TBI

	Aggregation level
	TBI
	-
	-
	-

	Frequency hopping
	-
	-
	TBI
	TBI

	Number of repetition
	-
	-
	TBI
	TBI

	PUCCH format
	-
	-
	long format
	-

	Payload size
	TBI
	-
	TBI
	-


TBI : to be indicated by each company

Proposal 3: Channel-specific parameters listed in table 3 should be defined for MCL evaluation. Our proposed values are also listed in the table. Parameters with TBI (to be indicated) are not defined, so that each company has to indicate its values when presenting the results.

3. Initial MCL evaluation for FR1
In this section, our initial MCL results are introduced as an initial MCL evaluation for FR1. The general parameters listed in Table 2 are used and channel specific parameters for the evaluation are listed in Table 4. 

Table 4: Channel-specific parameters for initial MCL evaluation
	Channel
Assumptions
	PDCCH
	PDSCH
	PUCCH
	PUSCH

	
	
	
	
	

	QoS Target
	VoIP
	1% BLER
	2% rBLER
	1% BLER
	2% rBLER

	
	eMBB
	
	2% rBLER
	
	2% rBLER

	Max number of HARQ retransmissions
	-
	4
	-
	4

	Number of RBs
	48
	1 for VoIP
40 for eMBB (OtoI)
4 for eMBB (rural) 
	1 for VoIP
8 for eMBB
	4 for VoIP
15 for eMBB (OtoI)
2 for eMBB (rural) 

	MCS number
	-
	9
	-
	9

	Aggregation level
	16
	-
	-
	-

	Frequency hopping
	-
	-
	no
	no

	Number of repetition
	-
	-
	4
	-

	[bookmark: _GoBack]PUCCH format
	-
	-
	Format 1 for VoIP
Format 3 for eMBB 
	-

	Payload size
	24 bits
	-
	1 bit for VoIP
8 bits for eMBB
	-



Figure 1 shows the link level simulation results for DL/UL channels for outdoor to indoor (O to I) and rural scenarios with VoIP and eMBB. As shown in Fig.1, different scenarios (O to I and rural scenarios) don’t provide remarkable difference for BLER performance. Based on the simulated BLER results, MCL are derived using the calculation template (Table 1).
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Figure 1: Link level simulation results for DL/UL channels

Figure 2 shows the MCL evaluation results for FR1 for O to I and rural scenarios with VoIP and eMBB. The MCL performance target is considered based on the MCL evaluation results, and set at the value of 2nd best channel for each scenario, so that improvement of worst and 2nd worst channels need to be considered. As shown in Fig.2, we can find that the improvement of PUSCH (approximately 10 dB for VoIP and 15 dB for eMBB) is the most essential point for the coverage enhancement, because of 21 dB of Tx power difference between UE and gNB as in Table 2. In addition, we can also find that the improvement of PDCCH (approximately 5 dB) for VoIP is the next essential point, because of 24 bits of payload size with limited time and frequency domain resource (e.g. 48 PRBs and 2 OFDM symbols). Finally, there are approximately 15 - 20 dB difference between O to I and rural scenarios because of the penetration loss. 
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Figure 2: Initial MCL evaluation results for FR1.

Observation 1: Improvement of PUSCH may be considered as the first priority, and improvement of PDCCH may be considered as the second priority for FR1 coverage enhancement.

4. Conclusion
In this contribution, we discussed on the simulation assumption for baseline coverage performance for both DL and UL based on link-level simulation. Based on the discussion, we made following proposals.

Proposal 1: Maximum coupling loss (MCL) methodology is used for the study of NR coverage enhancement. The proposed MCL calculation template is given in table 1.
Proposal 2: General parameters listed in table 2 should be defined for MCL evaluation. Our proposed values are also listed in the table.
Proposal 3: Channel-specific parameters listed in table 3 should be defined for MCL evaluation. Our proposed values are also listed in the table. Parameters with TBI (to be indicated) are not defined, so that each company has to indicate its values when presenting the results.
Observation 1: Improvement of PUSCH may be considered as the first priority, and improvement of PDCCH may be considered as the second priority for FR1 coverage enhancement.

References
[1] 3GPP, RP-193240, China Telecom, “New SID on NR coverage enhancement,” Dec. 2019.
[2] 3GPP, TR36.824 v11.0.0, Jun. 2012.
[3] 3GPP, RP-191531, Huawei, Ericsson, Telecom Italia, CATT, VIVO, ZTE, “IMT-2020 Link budget template towards final submission to ITU-R (submission 2),” Jun. 2019.
[4] 3GPP, TS38.101-1 v16.3.0, Apr. 2020.
[5] 3GPP, TR38.901 v16.1.0, Jan. 2020.
- 7/7 -
image1.png
BLER (%)

1.0E+00

1.0E-01

1.0E-02

1.0E-03

1.0E-04

1.0E+00 1.0E+00 1.0E+00
Otol rural
1.0E-01 - 1.0E-01 - 1.0E-01 - VolP
eMBB —
e 1.0E-02 e 1.0E-02 e 1.0E-02
o o o
= = =
@ @ @
B 1.0E-03 - 1.0E-03 - 1.0E-03 -
T T T 1.0E-04 T T T 1.0E-04 T T T 1.0E-04 T T T
20 -15 -10 -5 0 20 -15 -10 -5 0 20 -15 -10 -5 0 30 -25 -20 -15 -10
SINR (dB) SINR (dB) SINR (dB) SINR (dB)
PDSCH PUSCH PDCCH PUCCH





image2.png
= PDSCH
#PUSCH
1 PDCCH
“ PUCCH

— Targetmct

Volp
Otol:137d8
Rural:155d8

emBB
Otol: 1288
Rural:148.d8




