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1 Introduction
The study item of NR coverage enhancement was approved at RAN#86 meeting [1], and most of the evaluation methods and assumptions were agreed in RAN1#102e [2] and email discussions. MIL [and MCL] and MPL are used for coverage bottleneck(s) identification. 
	Agreements:
· 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
· [For LLS based methodology,] coverage bottleneck(s) identification is performed using at least [MCL and] MIL. 
· [MCL values can also be considered to compare channels with similar antenna (and antenna array) gain]
Agreements:
· MPL can be used as supplemental information for coverage bottleneck(s) identification
· The results based on MPL are to be captured in TR 
Agreements:
· Suburban scenario is deprioritized for NR coverage enhancement SI.
Agreements:
· 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
· For LLS based methodology, coverage bottleneck(s) identification is performed using at least MIL or MCL (assuming the set of simulation assumptions)
· Even when SLS is used to obtain some components of MIL or MCL, it is categorized as LLS based methodology.
· MCL values can also be used to identify the coverage bottleneck(s) when applicable
· “applicable” above means the following situation:
· [comparing channels with similar antenna (and antenna array) gain, and/or
·  the simulation results with MIL from companies are diverse, and the comparison with MIL is not easy]


In this contribution, we provide the FR2 evaluations results of MPL, MIL, and MCL for indoor and urban scenarios. 
2 FR2 evaluation assumptions 
In the link budget template based on IMT-2020 self-evaluation, only some parameters are agreed in the last meeting. The remaining undetermined parameters are important for link budget calculation, including BS antenna element gain, cable loss, interference, shadow fading, penetration, and pathloss model, which are listed in Table 1 and mostly are from [4], [5]. For FR2, the signal from adjacent cells is with large attenuation, thus the interference density is assumed to be the same as thermal noise for both uplink and downlink. 

[bookmark: _Ref46589265]Table 1 Assumptions on the remaining parameters in the link budget 
	Parameters 
	Indoor hotspot
	Urban Macro

	BS antenna element gain (dBi)
	5 
	8 

	Cable loss
	BS: 3 dB, UE: 1 dB [5]

	Receiver interference density (dBm/Hz)
	All channel: -174
	All channel: -174

	Shadow fading (dB) [5]
	5.2
	O2O: 4.85
O2I: 6.41

	Penetration margin (dB) 
	-
	37.95 for 28 GHz
Derived according to high loss model defined in TS 38.901 with indoor distance = 0 m [6]

	Pathloss model  
	InH [4] [5]
	UMa [4] [5]



For FR2 coverage evaluation, it is considered to focus on a subset of evaluation configurations and technical features. This could facilitate the preparation of the baseline coverage performance. The focused evaluation configuration is shown in Table 2. Link-level simulation is carried to get the required SNR based on the assumptions. 
[bookmark: _Ref40431035]Table 2 evaluated configurations on link budget evaluation
	Parameters 
	Indoor hotspot
	Urban Macro

	System configuration
	NR 28 GHz TDD
DL/UL: DDDSU
	NR 28 GHz TDD
DL/UL: DDDSU

	Channel state
	NLOS
	NLOS O-to-O
NLOS O-to-I

	Antenna settings [2]
	BS: (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1)
UE: (M, N, P) = (2,2,2)
2T2R for both DL and UL
	BS: (M, N, P, Mg, Ng) = (4, 8, 2, 2, 2) 
UE: (M, N, P) = (2,2,2) 
2T2R for both DL and UL

	Analog beamforming
	The BS and UE beams, and antenna elements are directed to the strongest cluster in the CDL-A channel model.

	Channel model [2]
	CDL-A 30 ns
	CDL-A 100 ns

	SCS
	120 kHz
	120 kHz

	Waveform [2]
	OFDM for DL
DFT-s-OFDM for UL
	OFDM for DL
DFT-s-OFDM for UL

	Bandwidth [2]
	PDSCH/SIB1: 66 RB
PUSCH: 30 RB
Msg3: 2 RB
	PDSCH/SIB1: 66 RB
PUSCH: 30 RB
Msg3: 2 RB

	Data and DMRS configuration [2]
	Data channel
PDSCH/SIB1: 12 OFDM symbols
PUSCH/Msg3: 14 OFDM symbols

DMRS
1 DMRS symbol, no multiplexing with data
PDSCH: Type I w/o additional DMRS
PUSCH/Msg3: Type I with 1 additional DMRS

	MCS
	PDSCH: 3, SIB1: 0, 
PUSCH: 5, Msg3: 0
	PDSCH: 3, SIB1: 0, 
PUSCH: 5, Msg3: 0

	UE EIRP
	23 dBm
34 dBm
	23 dBm
34 dBm

	UE speed
	3 km/h
	Indoor: 3 km/h
Outdoor: 30 km/h

	Target ISD and cell coverage
	Coverage 50 m
ISD 70 m
	Coverage1: 267.67 m 
ISD1: 400 m
Coverage2: 333.33 m
ISD2: 500 m


3 Baseline coverage performance for FR2 
Required SNR based on LLS
Based on the assumptions listed in Table 2, the required SNR is simulated and provided in Table 3. The simulation is based on CDL channel model and the antenna array gain is included in the required SNR. 
 Table 3 Required SNR (dB) based on LLS 
	Scenario and channels
	Indoor 
	Urban 

	SS/PBCH (O2O)
	-29.71
	-26.33

	SS/PBCH (O2I)
	
	-27.90

	SIB1 (O2O)
	-27.03
	-23.65

	SIB1 (O2I)
	
	-25.22

	PDSCH (O2O)
	-24.66
	-23.08

	PDSCH (O2I)
	
	-23.85

	PRACH C2 (O2O)
	-28.72
	-26.54

	PRACH C2 (O2I)
	
	-29.75

	Msg3 (O2O)
	-25.95
	-23.21

	Msg3 (O2I)
	
	-24.52

	PUSCH (O2O)
	-22.07
	-22.28

	PUSCH (O2I)
	
	-23.77


[bookmark: _Ref46842749]Indoor coverage performance
The indoor coverage performance is shown in Figure 1 for UE with maximum EIRP 23 dBm and 34 dBm, and the gap between the achieved and target are given in Table 4 and Table 5, respectively. Based on the results, we have the following observations:
[bookmark: _Ref30693139][bookmark: _Ref46843516]Observation 1: An indoor target coverage of 50 m (ISD 70 m) can be achieved for both 23 dBm and 34 dBm EIRP at UE.
[bookmark: _Ref52354531]Table 4 MPL performance and gap 
	MPL performance
	SS/PBCH
	SIB1
	PDSCH
	PRACH C2
	Msg3
	PUSCH

	Achieved MPL at UE EIRP 23 dBm (dB)
	129.31 
	126.63 
	125.77 
	130.35 
	135.87 
	123.23 

	Gap to 70 m ISD at UE EIRP 23 dBm (dB)
	21.60 
	18.92 
	18.06 
	22.64 
	28.16 
	15.52 

	Achieved O2I MPL at UE EIRP 34 dBm (dB)
	134.31 
	131.63 
	130.77 
	141.35 
	146.87 
	134.23 

	Gap to 70 m ISD at UE EIRP 34 dBm (dB)
	26.60 
	23.92 
	23.06 
	33.64 
	39.16 
	26.52 


[bookmark: _Ref52354532]
Table 5 Achieved coverage performance and gap 
	Coverage performance (C band)
	SS/PBCH
	SIB1
	 PDSCH
	PRACH C2
	Msg3
	PUSCH

	Achieved radius at UE EIRP 23 dBm (m)
	96.33 
	82.00 
	77.85 
	102.53 
	142.84 
	66.82 

	Gap to 70 m ISD at UE EIRP 23 dBm (m)
	49.66 
	35.33 
	31.18 
	55.86 
	96.18 
	20.15 

	Achieved radius at UE EIRP 34 dBm (m)
	130.11 
	110.75 
	105.15 
	198.63 
	276.74 
	129.44 

	Gap to 70 m ISD at UE EIRP 34 dBm (m)
	83.44 
	64.08 
	58.48 
	151.97 
	230.07 
	82.78 
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(a) UE maximum EIRP 23 dBm
[image: ]
(b) UE maximum EIRP 34 dBm
[bookmark: _Ref52354921][bookmark: _Ref52354916]Figure 1 MPL, MIL, and MCL performance for indoor
Coverage performance of urban 
The urban coverage performance is shown in Figure 2 for UE with maximum EIRP 23 dBm. The gap between the achieved and target are given in Table 6 and Table 7, respectively. Based on the results, we have the following observations:
[bookmark: _Ref52357626][bookmark: _Ref46591994]Observation 2: For a target O2O urban coverage of ISD=400 and UE EIRP 23 dBm, SS/PBCH, SIB1, and all uplink channels are unachievable.
[bookmark: _Ref46843520][bookmark: _Ref52357630]Observation 3: For a target O2O urban coverage of ISD=500 and UE EIRP 23 dBm, all downlink and uplink channels are unachievable.
[bookmark: _Ref52357635]Observation 4: For a target O2I urban coverage of ISD=400 and 500, and UE EIRP 23 dBm, all downlink and uplink channels are unachievable.
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(a) O2O
 
(b) O2I
[bookmark: _Ref52354923]Figure 2 MPL, MIL, and MCL performance for urban with UE EIRP 23 dBm
[bookmark: _Ref52355076][bookmark: _Ref52355068]Table 6 MPL performance and gap for urban with UE EIRP 23 dBm
	MPL performance 
	SS/PBCH
	SIB1
	 PDSCH
	PRACH C2
	Msg3
	PUSCH

	Achieved O2O MPL (dB)
	137.28 
	134.60 
	135.54 
	122.52 
	127.48 
	117.78 

	O2O gap to 400 m ISD (dB)
	-0.01 
	-2.69 
	-1.75 
	-14.77 
	-9.81 
	-19.51 

	O2O gap to 500 m ISD (dB)
	-3.80 
	-6.48 
	-5.54 
	-18.55 
	-13.60 
	-23.29 

	Achieved O2I MPL (dB)
	108.35 
	105.67 
	105.80 
	95.22 
	98.28 
	88.77 

	O2I gap to 400 m ISD (dB)
	-28.94 
	-31.62 
	-31.49 
	-42.07 
	-39.01 
	-48.52 

	O2I gap to 500 m ISD (dB)
	-32.73 
	-35.41 
	-35.28 
	-45.86 
	-42.80 
	-52.31 


[bookmark: _Ref46842751]Table 7 Achieved coverage performance and gap for urban with UE EIRP 23 dBm
	Coverage performance
	SS/PBCH
	SIB1
	 PDSCH
	PRACH C2
	Msg3
	PUSCH

	Achieved O2O radius (m)
	266.54 
	227.61 
	240.50 
	111.71 
	149.59 
	84.49 

	O2O gap to 400 m ISD (m)
	-0.13 
	-39.06 
	-26.17 
	-154.95 
	-117.08 
	-182.18 

	O2O gap to 500 m ISD (m)
	-66.79 
	-105.73 
	-92.84 
	-221.62 
	-183.74 
	-248.84 

	Achieved O2I radius (m)
	65.05 
	55.55 
	55.98 
	42.75 
	51.20 
	29.23 

	O2I gap to 400 m ISD (m)
	-201.61 
	-211.12 
	-210.68 
	-223.91 
	-215.47 
	-237.43 

	O2I gap to 500 m ISD (m)
	-268.28 
	-277.78 
	-277.35 
	-290.58 
	-282.13 
	-304.10 



The urban coverage performance is shown in Figure 3 for UE with maximum EIRP 34 dBm. The gap between the achieved and target are given in Table 8 and Table 9, respectively. Based on the results, we have the following observations:
[bookmark: _Ref52357641][bookmark: _GoBack]Observation 5: For a target O2O urban coverage of ISD=400 and UE EIRP 34 dBm, PRACH and PUSCH are unachievable.
[bookmark: _Ref52357644]Observation 6: For a target O2O urban coverage of ISD=500 and UE EIRP 34 dBm, SIB1, PDSCH and uplink channels are unachievable.
[bookmark: _Ref52357648]Observation 7: For a target O2I urban coverage of ISD=400 and 500, and UE EIRP 34 dBm, all downlink and uplink channels are unachievable.
[bookmark: _Ref52358425]Observation 8: The coverage of the evaluated channels are: PUSCH < PRACH < Msg3 < SIB1 < PDSCH < SS/PBCH.
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(a) O2O
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(b) O2I
[bookmark: _Ref52354925]Figure 3 MPL, MIL, and MCL performance for urban with UE EIRP 34 dBm
[bookmark: _Ref52355776]Table 8 MPL performance and gap for urban with UE EIRP 34 dBm
	MPL performance 
	SS/PBCH
	SIB1
	 PDSCH
	PRACH C2
	Msg3
	PUSCH

	Achieved O2O MPL (dB)
	142.28 
	139.60 
	140.54 
	133.52 
	138.48 
	128.78 

	O2O gap to 400 m ISD (dB)
	4.99 
	2.31 
	3.25 
	-3.77 
	1.19 
	-8.51 

	O2O gap to 500 m ISD (dB)
	1.20 
	-1.48 
	-0.54 
	-7.55 
	-2.60 
	-12.29 

	Achieved O2I MPL (dB)
	113.35 
	110.67 
	110.80 
	106.22 
	109.28 
	99.77 

	O2I gap to 400 m ISD (dB)
	-23.94 
	-26.62 
	-26.49 
	-31.07 
	-28.01 
	-37.52 

	O2I gap to 500 m ISD (dB)
	-27.73 
	-30.41 
	-30.28 
	-34.86 
	-31.80 
	-41.31 


[bookmark: _Ref52355778]
Table 9 Achieved coverage performance and gap for urban with UE EIRP 34 dBm
	Coverage performance
	SS/PBCH
	SIB1
	 PDSCH
	PRACH C2
	Msg3
	PUSCH

	Achieved O2O radius (m)
	357.85 
	305.58 
	322.89 
	213.59 
	286.00 
	161.54 

	O2O gap to 400 m ISD (m)
	91.19 
	38.92 
	56.22 
	-53.08 
	19.34 
	-105.13 

	O2O gap to 500 m ISD (m)
	24.52 
	-27.75 
	-10.44 
	-119.74 
	-47.33 
	-171.79 

	Achieved O2I radius (m)
	65.05 
	55.55 
	55.98 
	42.75 
	51.20 
	29.23 

	O2I gap to 400 m ISD (m)
	-201.61 
	-211.12 
	-210.68 
	-223.91 
	-215.47 
	-237.43 

	O2I gap to 500 m ISD (m)
	-268.28 
	-277.78 
	-277.35 
	-290.58 
	-282.13 
	-304.10 



In light of above observations, we have the following proposals:
[bookmark: _Ref52357658]Proposal 1: To achieve urban 400m/500m ISD in FR2, PUSCH, Msg3, and PRACH should be enhanced.
[bookmark: _Ref53671757]Proposal 2: To achieve urban O2I 400m/500m ISD in FR2, PUSCH, Msg3, PRACH, SS/PBCH and SIB1 should be enhanced.

4 Conclusions
The contribution provides our considerations on FR2 coverage evaluation, and the observations are listed as following:
Observation 1: An indoor target coverage of 50 m (ISD 70 m) can be achieved for both 23 dBm and 34 dBm EIRP at UE.
Observation 2: For a target O2O urban coverage of ISD=400 and UE EIRP 23 dBm, SS/PBCH, SIB1, and all uplink channels are unachievable.
Observation 3: For a target O2O urban coverage of ISD=500 and UE EIRP 23 dBm, all downlink and uplink channels are unachievable.
Observation 4: For a target O2I urban coverage of ISD=400 and 500, and UE EIRP 23 dBm, all downlink and uplink channels are unachievable.
Observation 5: For a target O2O urban coverage of ISD=400 and UE EIRP 34 dBm, PRACH and PUSCH are unachievable.
Observation 6: For a target O2O urban coverage of ISD=500 and UE EIRP 34 dBm, SIB1, PDSCH and uplink channels are unachievable.
Observation 7: For a target O2I urban coverage of ISD=400 and 500, and UE EIRP 34 dBm, all downlink and uplink channels are unachievable.
Observation 8: The coverage of the evaluated channels are: PUSCH < PRACH < Msg3 < SIB1 < PDSCH < SS/PBCH.
The proposals are:
Proposal 1: To achieve urban 400m/500m ISD in FR2, PUSCH, Msg3, and PRACH should be enhanced.
Proposal 2: To achieve urban O2I 400m/500m ISD in FR2, PUSCH, Msg3, PRACH, SS/PBCH and SIB1 should be enhanced.

References
[bookmark: _Ref503361205][bookmark: _Ref525895623][bookmark: _Ref29026095][bookmark: _Ref528050952][bookmark: _Ref525895749]RP-193240, “New SID on NR coverage enhancement”, RAN#86, Sitges, Spain, December 9 – 12, 2019.
[bookmark: _Ref46566672][bookmark: _Ref40106526][bookmark: _Ref30335622]RAN1#102-e, “Chairman’s notes of RAN1#102-e”, Aug, 2020.
[bookmark: _Ref46567290]R1-2005256, “Evaluation on the baseline performance for FR1”, Huawei, HiSilicon, RAN1#102e, Aug. 2020.
[bookmark: _Ref46570779]Report ITU-R M.2412-0, Guidelines for evaluation of radio interface technologies for IMT-2020, 10/2017. 
[bookmark: _Ref40426690]RP-191527, “Link Budget Template - SRIT”, Part 3 of RP-191524 3GPP ITU-R Contribution - Final IMT-2020 Submission Overview, AT&T, Telecom Italia, RAN#84, Jun. 2019.
[bookmark: _Ref46589222]3GPP TR 38.901, “Study on channel model for frequencies from 0.5 to 100 GHz (Release 16)”, V16.0.0 (2019-10). 
[bookmark: _Ref46589944]Report ITU-R M.2435-1, Guidelines for evaluation of radio interface technologies for IMT-Advanced, 12/2009. 

Urban, UE EIRP 23 dBm, achieved O2I MPL, MIL, MCL 

Achieved MPL (dB)	SS/PBCH	SIB1	 PDSCH	PRACH C2	Msg3	PUSCH	108.34550887204658	105.66550887204657	105.79730887204657	95.220865122045623	98.281177625882052	88.769065035325227	Achieved MIL (dB)	SS/PBCH	SIB1	 PDSCH	PRACH C2	Msg3	PUSCH	152.70450887204657	150.02450887204657	150.15630887204657	139.57986512204562	142.64017762588205	133.12806503532522	Achieved MCL (dB)	SS/PBCH	SIB1	 PDSCH	PRACH C2	Msg3	PUSCH	143.70450887204657	141.02450887204657	141.15630887204657	130.57986512204562	133.64017762588205	124.12806503532524	Gap to 400 m ISD (dB)	SS/PBCH	SIB1	 PDSCH	PRACH C2	Msg3	PUSCH	-28.944509811998543	-31.62450981199855	-31.492709811998552	-42.069153561999499	-39.008841058163071	-48.520953648719896	Target MPL (400 m ISD, dB)	SS/PBCH	SIB1	 PDSCH	PRACH C2	Msg3	PUSCH	137.29001868404512	137.29001868404512	137.29001868404512	137.29001868404512	137.29001868404512	137.29001868404512	Target MPL (500 m ISD, dB)	SS/PBCH	SIB1	 PDSCH	PRACH C2	Msg3	PUSCH	141.07726199239997	141.07726199239997	141.07726199239997	141.07726199239997	141.07726199239997	141.07726199239997	



image3.png
160.00
140.00
120.00
100.00
80.00
60.00
40.00
20.00
0.00

Urban, UE EIRP 23 dBm, achieved 020 MPL, MIL, MCL

THIT

SS/PBCH siB1 PDSCH  PRACHC2  Msg3 PUSCH
mm Achieved MPL (dB) = Achieved MIL (dB)
. Achieved MCL (dB) ——Target MPL (400 m ISD, dB)

———Target MPL (500 m ISD, dB)




image4.png
200.00

150.00

100.00

50.00

0.00

Urban, UE EIRP 34 dBm, achieved 020 MPL, MIL, MCL

SS/PBCH SIB1 PDSCH PRACH C2 Msg3 PUSCH
mmmm Achieved MPL (dB) mmmm Achieved MIL (dB)
' Achieved MCL (dB) ——Target MPL (400 m ISD, dB)

——Target MPL (500 m ISD, dB)




image5.png
180.00
160.00
140.00
120.00
100.00
80.00
60.00
40.00
20.00
0.00

Urban, UE EIRP 34 dBm, achieved 02| MPL, MIL, MCL

SS/PBCH siB1 PDSCH  PRACHC2  Msg3 PUSCH
mm Achieved MPL (dB) = Achieved MIL (dB)
mm Achieved MCL (dB) ——Target MPL (400 m ISD, dB)

——Target MPL (500 m ISD, dB)




image1.png
Indoor, UE EIRP 23 dBm, achieved MPL, MIL, MCL

160.00
140.00
120.00
100.00
80.00
60.00
40.00
20.00
0.00

SS/PBCH SiB1 PDSCH PRACH C2 Msg3 PUSCH

mmmm Achieved MPL (dB) mmm Achieved MIL (dB)

mmmm Achieved MCL (dB) ———Target MPL (70 m ISD, dB)




image2.png
Indoor, UE EIRP 34 dBm, achieved MPL, MIL, MCL

160.00
140.00
120.00
100.00
80.00
60.00
40.00
20.00
0.00

SS/PBCH SiB1 PDSCH PRACH C2 Msg3 PUSCH

mmmm Achieved MPL (dB) mmm Achieved MIL (dB)

mmmm Achieved MCL (dB) ———Target MPL (70 m ISD, dB)




