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1 Introduction
In RAN1 #102e meeting and the email discussion that followed, some conclusion for coverage evaluation had been achieved as follows:
· Adopt single link budget template for both FR1 and FR2 based on IMT-2020 self-evaluation with rows for MIL, MCL, MPL, and necessary revisions, including adding/removing/revising/simplifying some parameters

· MPL can be used as supplemental information for coverage bottleneck(s) identification

· The results based on MPL are to be captured in TR

· Note: this is uself to show the achievable ISD. 

· The definition of MPL shall be determined in RAN1

· RAN1 will not further discuss on specific values for the parameters related to MPL 

· IMT-2020 values are as a starting point, but: 

· companies may use other values, and

· for the parameters that companies think IMT-2020 self-evaluation does not clearly define the values for some scenarios, it is up to companies to report
· RAN1 strives for satisfying appropriate targets identified by companies particularly operators

· The targets may be in the form of one or more of the following:

· 1. Scenario dependent targets, e.g., ISD/MPL

· 2. Service dependent targets, e.g., [MCL=147] dB for VoIP;

· 3. Relative difference between channels, e.g, MIL(/[MCL])

· Further values and details of such targets will be clarified at RAN1#103-e 

· Note: there is no intention in RAN1 to update the study item objectives due to the identified targets.
In this contribution, we present evaluation of PUSCH and PUCCH for FR1 based on the IMT-2020 self-evaluation.
2 Evaluation results of PUSCH and PUCCH
In this section, we will present some evaluation results for FR1. Given that PUSCH and PUCCH which with a higher priority, the evaluation results for that two channels will be firstly proposed. The assumption of simulation is listed in annex. The summary of the required SNR and baseline performance are listed in table 1 to table 4.
In last meeting most companies had the same understanding that MPL can be used as supplemental information for coverage bottleneck(s) identification, and IMT-2020 values can be a starting point. Then MPL is calculated as the baseline performance in the following tables. The detail parameters and values are listed in table 5.
Table 1. The required SNR of PUSCH for 100Kbps eMBB service-2 Receive chains
	Rural

	Carrier
	Service and data rate
	Frame structure
	Pathloss model
	The number of PRBs
	Required SNR (dB)
	Receive chains
	Baseline performance(dB)

	4GHz
	100Kbps for eMBB
	DDDSUDDSUU
	NLOS

(O-to-I)
	4
	-1.5
	2
	126.88

	
	
	
	
	8
	 -5.1
	2
	127.47

	
	
	DDDSU
	NLOS

(O-to-I)
	4
	-0.1
	2
	125.48

	
	
	
	
	8
	-3.7
	2
	127.07


Table 2. The required SNR of PUSCH for 100Kbps eMBB service-4 Receive chains
	Rural

	Carrier
	Service and data rate
	Frame structure
	Pathloss model
	The number of PRBs
	Required SNR (dB)
	Receive chains
	Baseline performance(dB)

	4GHz
	100Kbps for eMBB
	DDDSUDDSUU
	NLOS

(O-to-I)
	4
	-6.3
	4
	131.68

	
	
	
	
	8
	-9.3
	4
	131.67

	
	
	DDDSU
	NLOS

(O-to-I)
	4
	-4.9
	4
	130.28

	
	
	
	
	8
	-8.1
	4
	130.47


Table 3. The required SNR of PUSCH for 1Mbps eMBB service-2 Receive chains
	Urban
	

	Carrier
	Service and data rate
	Frame structure
	Pathloss model
	The number of PRBs
	Required SNR (dB)
	Receive chains
	Baseline performance(dB)

	4GHz
	1M bps for eMBB
	DDDSUDDSUU
	NLOS

(O-to-I)
	20
	-1.191
	2
	111.251

	
	
	
	
	30
	-4.031
	2
	112.331

	
	
	
	
	40
	-5.122
	2
	112.372

	
	
	DDDSU
	NLOS

(O-to-I)
	20
	0.844
	2
	108.316

	
	
	
	
	30
	-1.931
	2
	110.231

	
	
	
	
	40
	-3.6
	2
	112.85


Table 4. The required SNR of PUSCH for 1Mbps eMBB service-4 Receive chains

	Urban
	

	Carrier
	Service and data rate
	Frame structure
	Pathloss model
	The number of PRBs
	Required SNR (dB)
	Receive chains
	Baseline performance(dB)

	4GHz
	1M bps for eMBB
	DDDSUDDSUU
	NLOS

(O-to-I)
	20
	-5.477
	4
	115.537

	
	
	
	
	30
	-7.418
	4
	115.718

	
	
	
	
	40
	-8.747
	4
	115.997

	
	
	DDDSU
	NLOS

(O-to-I)
	20
	-3.379
	4
	112.539

	
	
	
	
	30
	-5.717
	4
	114.017

	
	
	
	
	40
	-7.306
	4
	116.556


Table 5. The required SNR of PUCCH 1Tx2Rx

	Urban

	Carrier
	PUCCH format 3 
	Pathloss model
	Required SNR (dB)
	Baseline performance(dB)

	4GHz
	22bits
	NLOS

(O-to-I)
	1.5
	114.91

	
	11bits
	NLOS

(O-to-I)
	-2.1
	118.51


Table 6 Parameters and values of Link budget template

	Parameter
	Values

	Scenario
	Urban
	Rural 4G

	Carrier frequency (GHz)
	4
	4

	BS antenna heights (m)
	25.00
	35.00

	UT antenna heights (m)
	1.50
	1.50

	Cell area reliability for control channel
	95%
	95%

	Cell area reliability for data channel
	90%
	90%

	Transmission bit rate for control channel (bit/s)
	4000
	4000

	Transmission bit rate for data channel (bit/s)
	1Mbps
	100Kbps

	Target packet error rate for the required SNR in item (19a) for control channel
	1%
	1%

	Target packet error rate for the required SNR in item (19b) for data channel
	10%
	10%

	Spectral efficiency for data channel (bit/s/Hz)
	DDDSU:

0.18(40RB)
0.24(30RB)

0.37(20RB)

DDDSUDDSUU:

0.12(40RB)

0.17(30RB)

0.25(20RB)
	DDDSU:
0.09(8RB)

0.18(4RB)

DDDSUDDSUU:

0.06(8RB)

0.12(4RB)

	Pathloss model (select from LoS or NLoS)
	NLOS O-to-I
	NLOS O-to-I,

	UE speed (km/h)
	3
	3 

	Feeder loss (dB)
	3.00
	3.00

	(1) Number of transmit antennas. (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)
	2
	1

	(1bis) Number of transmit antenna ports
	2
	1

	(2) Maximal transmit power per antenna (dBm)
	20.00
	23.00

	(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)
	23.00
	23.00

	(4) Transmitter antenna gain (dBi)
	0.00
	0.00

	(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)
	0.00
	0.00

	(6) Control channel power boosting gain (dB)
	0.00
	0.00

	(7) Data channel power loss due to pilot/control boosting (dB)
	0.00
	0.00

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)
	1.00
	1.00

	(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) (dBm)
	
	

	(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8) (dBm)
	
	

	(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)
	192
	64

	(10bis) Number of receive antenna ports
	2
	2

	(11) Receiver antenna gain (dBi)
	8.00
	8.00

	(11bis) Receiver array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, etc.) (dB)
	19.82
	15.05

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)
	3.00
	3.00

	(13) Receiver noise figure (dB)
	5.00
	5.00

	(14) Thermal noise density (dBm/Hz)
	-174.00
	-174.00

	(15a) Receiver interference density for control channel (dBm/Hz) 
	-161.70
	-161.70

	(15b) Receiver interference density for data channel (dBm/Hz) 
	-165.70
	-165.70

	(16a) Total noise plus interference density for control channel = 10 log (10^(((13) + (14))/10) + 10^((15a)/10)) (dBm/Hz)
	
	

	(16b) Total noise plus interference density for data channel = 10 log (10^(((13) + (14))/10) + 10^((15b)/10)) (dBm/Hz)
	
	

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

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

	(18a) Effective noise power for control channel = (16a) + 10 log((17a)) (dBm)
	
	

	(18b) Effective noise power for data channel = (16b) + 10 log((17b)) (dBm)
	
	

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

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

	(20) Receiver implementation margin (dB)
	2.00
	2.00

	(21a) H-ARQ gain for control channel (dB)
	0.00
	0.00

	(21b) H-ARQ gain for data channel (dB)
	0.50
	0.50

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

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

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

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

	(24) Lognormal shadow fading std deviation (dB)
	7.00 for data, 6.00 for control
	8.00


	(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)
	7.56
	8.45 for O-to-I,

	(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 
	4.48
	5.13 for O-to-I

	(26) BS selection/macro-diversity gain (dB)
	0.00
	0.00

	(27) Penetration margin (dB)
	26.25
	12.50 for O-to-I

	(28) Other gains (dB) (if any please specify)
	0.00
	0.00

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

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

	(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)Note 1
	
	

	(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)
	
	


In addition, the topic of target performance metric was discussed in last meeting. Options are listed to down select, based on which the coverage bottlenecks can be identified. 
· 1. Scenario dependent targets, e.g., ISD/MPL

· 2. Service dependent targets, e.g., [MCL=147] dB for VoIP;

· 3. Relative difference between channels, e.g, MIL(/[MCL])
From our point of view, MPL is fully consideration on the antenna gain, implementation margin and various types of losses caused by the actual transmission environment. And the operators can input the ISD based on its typical network deployment. By compared the baseline performance and the target pathloss, it is more intuitive and precise to find the coverage gap.

Proposal 1：ISD/MPL are preferred as the performance metric for it is more intuitive to find the coverage gap.
3 Conclusions

In this contribution, we present our initial evaluation focus on Urban (outdoor gNB serving indoor UEs) scenario, and rural scenario for FR1.
Proposal 1：ISD/MPL are preferred as the performance metric for it is more intuitive to find the coverage gap.
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Appendix
· Simulation assumption
Table A. Link level simulation parameters for PUSCH
	Scenario
	Urban
	Rural

	Duplexing scheme and frequency
	4GHz TDD 
	4GHz TDD

	Transmission bit rate (bit/s)
	1 Mbps for eMBB
	100 kbps for eMBB

	Frame structure
	DDDSU/DDDSUDDSUU
	DDDSU/DDDSUDDSUU

	Subcarrier spacing
	30kHz
	30kHz 

	Channel model
	TDL-C  for NLos
	TDL-C for NLos

	Delay Spread
	300ns
	300ns

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

	Number of Tx/Rx RUs for BS
	2/4
	2/4

	Number of UE antennas
	2
	2

	Occupied channel bandwidth
	40PRBs,30 PRBs,20PRBs for eMBB
	4 PRBs, 8PRBs for eMBB


Table B. Link level simulation parameters for PUCCH

	Scenario
	Urban

	Duplexing scheme and frequency
	4GHz TDD 

	Subcarrier spacing
	30kHz

	Channel model
	TDL-C  for NLos

	Delay Spread
	300ns

	UE velocity
	3 km/h

	Number of Rx RUs for BS
	2

	Number of UE antennas
	1

	Occupied channel bandwidth
	1PRB

	Format and payload
	Format 3:11/ 22 bits UCI

	Symbols
	14 OFDM symbols

	Tx diversity
	intra-slot frequency hopping


· Simulation results
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