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Introduction
A study item on NR coverage enhancement was approved [1]. One of objectives of this study item is to identify baseline coverage performance for both DL and UL for the following scenarios and services based on link-level simulation.
· 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 services for FR1
· eMBB service as first priority and VoIP as second priority for FR2
· LPWA services and scenarios are not included.
In this document, we provide several views and proposals regarding to the baseline coverage performance evaluation methodology. In addition, we provide preliminary link level evaluation results and coverage performance in FR1 in the Appendix.
Discussion
Evaluation metrics
To evaluate the baseline coverage performance, what metrics should be used for link-level evaluation need to be agreed. Generally, the identification of coverage issues uses the MCL (Maximum Coupling Loss) methodology. The coupling loss is defined as the total long-term channel loss over the link between the UE antenna ports and the gNB antenna ports, and includes in practical antenna gains, path loss, shadowing, body loss, etc. The MCL is the limit value of the coupling loss at which the service can be delivered, and therefore defines the coverage of the service. The MCL is evaluated via link budget analysis (supported by link-level simulation). The following link budget template in Section 5.2.3.3 of Report ITU-R M.2411-0 [2] can be starting point of MCL calculation template, e.g., MCL is defined as (29a) and (29b) in Table 1. According to the previous experiences such as LTE Coverage Enhancements [3], more simplified link budge analysis template can also be considered.
Table 1: Link budget template
	Transmitter
	

	(1) Number of transmit antennas
	

	(2) Maximal transmit power per antenna (dBm)
	

	(3) Total transmit power = function of (1) and (2) (dBm)
	

	(4) Transmitter antenna gain (dBi)
	

	(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beamforming, CDD, etc.) (dB)
	

	(6) Control channel power boosting gain (dB)
	

	(7) Data channel power loss due to pilot/control boosting (dB)
	

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)
	

	(9a) Control channel e.i.r.p. = (3) + (4) + (5) + (6) – (8) dBm
	

	(9b) Data channel e.i.r.p = (3) + (4) + (5) – (7) – (8) dBm
	

	Receiver
	

	(10) Number of receive antennas
	

	(11) Receiver antenna gain (dBi)
	

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)
	

	(13) Receiver noise figure (dB)
	

	(14) Thermal noise density (dBm/Hz)
	

	(15) Receiver interference density (dBm/Hz)
	

	(16) Total noise plus interference density = 10log (10(((13)+(14))/10) + 10(15)/10) dBm/Hz
	

	(17) Occupied channel bandwidth (for meeting the requirements of the traffic type) (Hz)
	

	(18) Effective noise power = (16) + 10log ((17)) dBm
	

	(19a) Required SNR for the control channel (dB)
	

	(19b) Required SNR for the data channel (dB)
	

	(20) Receiver implementation margin (dB)
	

	(21a) HARQ gain for control channel (dB)
	

	(21b) HARQ gain for data channel (dB)
	

	(22a) Receiver sensitivity for control channel = (18) + (19a) + (20) – (21a) dBm
	

	(22b) Receiver sensitivity for data channel = (18) + (19b) + (20) – (21b) dBm
	

	(23a) Hardware link budget for control channel = (9a) + (11) – (22a) dB
	

	(23b) Hardware link budget for data channel = (9b) + (11) – (22b) dB
	

	Calculation of available pathloss
	

	(24) Lognormal shadow fading std deviation (dB)
	

	(25) Shadow fading margin (function of the cell area reliability and (24)) (dB)
	

	(26) BS selection/macro-diversity gain (dB)
	

	(27) Penetration margin (dB)
	

	(28) Other gains (dB) (if any please specify)
	

	(29a) Available path loss for control channel = (23a) – (25) + (26) – (27) + (28) – (12) dB
	

	(29b) Available path loss for data channel = (23b) – (25) + (26) – (27) + (28) – (12) dB
	


Proposal 1: Table 1 of link budget template in Section 5.2.3.3 of Report ITU-R M.2411-0 can be starting point of MCL calculation.

General parameters for link level evaluation assumption
For the baseline coverage performance evaluation, following general parameters can be considered as a starting point based on according to the previous study in NR [4-6].
Table 2: General assumptions
	
	FR1
	FR2

	Scenario
	Urban
	Rural
	Indoor
	Urban/Suburban

	Carrier frequency
	Around 4 GHz
	Around 4 GHz 
(or Around 700 MHz)
	Around 30 GHz

	Frequency bandwidth
	100 MHz
	400 MHz

	Subcarrier spacing
	30 kHz
	120 kHz

	Channel model
	TDL-A / TDL-C

	Delay spread
	240 ns
	363 ns
	20 ns
	66 ns

	Mobile speed
	3 km/h

	gNB antenna configuration
	4 Tx, 4 Rx
	2 Tx, 2 Rx

	UE antenna configuration
	2 Tx, 4 Rx
	2 Tx, 2 Rx


Proposal 2: Table 2 can be starting point of general parameters for evaluation assumption.

Channel-specific parameters
For the link-evaluation of each channel (PDCCH, PDSCH, PUCCH, and PUSCH), the performance target should be defined. Based on the previous evaluation of LTE Coverage Enhancements [3], the following performance target should be considered for baseline coverage performance evaluation.
	PDCCH: 1% BLER
	PDSCH: 10% iBLER for VoIP, and 10% iBLER for eMBB
	PUCCH: 1% Pmiss/Pfa for PUCCH format 0/1, and 1% BLER for PUCCH format 2/3/4
	PUSCH: 2% rBLER for VoIP, and 10% iBLER for eMBB
The acronyms used in the above are iBLER for initial BLER, rBLER for residual BLER after retransmission, Pmiss for Probability of missed detection, and Pfa for Probability of false alarm, respectively.
The following channel specific parameters in Table 3 should be defined for baseline coverage performance evaluation. The table is basically based on the previous evaluation of LTE Coverage Enhancements [3]. The parameters with TBI (to be indicated) may not be specified, so that each company has to indicate its values when presenting the results.
Table 3: Channel-specific parameters
	
	PDCCH
	PDSCH
	PUCCH
	PUSCH

	Performance target
	VoIP
	1% BLER
	10 % iBLER
	1% Pmiss/Pfa / 1% BLER
	2% rBLER

	
	eMBB
	
	10 % iBLER
	
	10% iBLER

	Max number of HARQ retransmissions
	N/A
	TBI
	N/A
	TBI

	Number of RBs
	TBI
	TBI
	TBI
	TBI

	MCS number
	TBI
	TBI
	TBI
	TBI

	Aggregation level
	TBI
	N/A
	N/A
	N/A

	Frequency hopping
	N/A
	N/A
	TBI
	TBI

	Number of repetitions
	N/A
	TBI
	TBI
	TBI

	PUCCH format
	N/A
	N/A
	TBI
	N/A

	Payload size
	24
	N/A
	TBI
	N/A


Proposal 3: Table 3 can be considered as channel-specific parameters for baseline coverage performance evaluation.
Even if the simulations are based on the same values for the parameters shown in Table 3, the variance of the simulation results provided by different companies may be large. Therefore, in order to compare these results or calibrate the simulators, following parameters can also be discussed/defined or each company should indicate values when presenting the results.
· PDCCH: 
· Symbol duration, CCE-to-REG mapping type (interleaved or non-interleaved), interleaver size, precoder granularity, channel estimation
· PDSCH/PUSCH
· Symbol allocation (S, L), number of layers, Tx precoding, mapping type, DMRS assumptions (DMRS length, additional DMRS symbol position, DMRS configuration type), channel estimation
· PUCCH
· PUCCH duration, frequency hopping offset, detection scheme/channel estimation

Conclusion
In this contribution, we discussed the baseline coverage performance evaluation methodology. We made following proposals.
Proposal 1: Table 1 of link budget template in Section 5.2.3.3 of Report ITU-R M.2411-0 can be starting point of MCL calculation.
Proposal 2: Table 2 can be starting point of general parameters for evaluation assumption.
Proposal 3: Table 3 can be considered as channel-specific parameters for baseline coverage performance evaluation.
We also provided preliminary link level evaluation results and coverage performance in FR1 in the Appendix.
Reference
[1] RP-193240, “New SID on NR coverage enhancement,” China Telecom, RAN#86, December 2019.
[2] Report ITU-R M.2411-0, “Requirements, evaluation criteria and submission templates for the development of IMT-2020,” November 2017.
[3] TR36.824, “LTE coverage enhancements (Release 11),” February 2012.
[4] TR38.913, “Study on scenarios and requirements for next generation access technologies (Release 14),” June 2017.
[5] TR37.910, “Study on self evaluation toward IMT-2020 submission (Release 16),” September 2019.
[6] TR38.901, “Study on channel model for frequencies from 0.5 to 100 GHz (Release 16),” December 2019.
[7] RP-191531, “Link budge template – RIT,”
Appendix A: Preliminary link level evaluation results and coverage performance in FR1
Simulation assumptions
General evaluation assumptions for link-level evaluation are summarized in Table A-1.
Table A-1: General assumption
	Frequency range
	FR1

	Scenario
	Urban
	Rural

	Carrier frequency
	4.1 GHz

	Frequency bandwidth
	100 MHz

	Subcarrier spacing
	30 kHz

	Channel model
	TDL-C

	Delay spread
	240 ns
	363 ns

	Mobile speed
	3 km/h

	gNB antenna configuration
	4 Tx, 4 Rx

	UE antenna configuration
	2 Tx, 4 Rx


Channel-specific parameters for link-level evaluation are summarized in Table A-2 ~ A-4. In this contribution, PDCCH, PDSCH, and PUSCH are evaluated.
Table A-2: Simulation assumptions for PDCCH evaluation
	Performance target
	1% BLER

	Number of RBs
	48

	Symbol duration
	2

	Data modulation
	QPSK

	Channel coding
	Polar code

	Aggregation level
	16

	CCE-to-REG mapping
	Interleaved

	Interleaver size
	2

	REG-bundle size
	6

	Precoder granularity
	REG-bundle

	Payload size
	24


Table A-3: Simulation assumptions for PDSCH evaluation
	
	VoIP
	eMBB

	Performance target
	10% iBLER
	10% iBLER

	Max number of HARQ retransmissions
	No HARQ
	No HARQ

	Number of RBs
	1
	40 (Urban)
4 (Rural)

	Number of layers
	1
	2

	Code rate
	30/1024
	370/1024

	Data modulation
	QPSK

	MCS number
	MCS 0 (Table 3)
	MCS 9 (Table 3)

	Channel coding
	LDPC

	PDSCH mapping type
	Type A

	DMRS Type A position
	pos2

	DMRS length
	1

	Additional DMRS symbol positions
	pos3

	DMRS configuration type
	Type 1

	Channel estimation
	2D MMSE


Table A-4: Simulation assumptions for PUSCH evaluation
	
	VoIP
	eMBB

	Performance target
	2% rBLER
	10% iBLER

	Max number of HARQ retransmissions
	4
	No HARQ

	Number of RBs
	4
	15 (Urban)
2 (Rural)

	Number of layers
	1
	2

	Code rate
	30/1024
	370/1024

	Data modulation
	QPSK

	MCS number
	MCS 0 (Table 3)
	MCS 9 (Table 3)

	Channel coding
	LDPC

	PDSCH mapping type
	Type A

	DMRS Type A position
	pos2

	DMRS length
	1

	Additional DMRS symbol positions
	pos3

	DMRS configuration type
	Type 1

	Channel estimation
	2D MMSE



Link level evaluation results
Figure A-1, A-2, and A-3 shows the link level evaluation results of PDCCH, PDSCH, and PUSCH in FR1, respectively. The required SNR for achieving the performance target is summarized in Table A-5.
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Figure A-1: PDCCH
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(a) VoIP                                                                    (b) eMBB
Figure A-2: PDSCH
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(a) VoIP                                                                    (b) eMBB
Figure A-2: PUSCH
Table A-5: Required SNR for achieving performance target
	
	VoIP
	eMBB

	
	Urban
	Rural
	Urban
	Rural

	PDCCH
	-12.0 dB
	-12.0 dB
	-12.0 dB
	-12.0 dB

	PDSCH
	-4.5 dB
	-4.7 dB
	0.1 dB
	1.8 dB

	PUSCH
	-12.7 dB
	-12.8 dB
	-0.1 dB
	1.6 dB



Coverage performance
MCL for each channel is calculated using link budget template of Table 1. The required SNR obtained from above link-level evaluation is used for “(19a) Required SNR for the control channel” and “(19b) Required SNR for the data channel”. For other items, the values in [7] (Channel Model A, NLOS O-to-I DU-eMBB (4GHz, NR DDDSU)) are used. For rural scenario, the difference of penetration margin between urban and rural area is reflected for the calculation (i.e., 26.25 dB for urban (O-to-I) and 12.5 dB for rural).
Table A-6: MCL evaluation results for FR1
	MCL (dB)
	VoIP
	eMBB

	
	Urban
	Rural
	Urban
	Rural

	PDCCH
	135.0
	148.7
	135.0
	148.7

	PDSCH
	147.3
	161.1
	126.7
	148.8

	PUSCH
	128.0
	141.7
	109.7
	130.5
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