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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#101e [2]. In this contribution, we discuss the remaining issues for the FR2 evaluations and provide some baseline performance evaluations. 
2 Discussions on the remaining issues on the link budget template for FR2
As agreed in the last meeting, the FR2 link budget calculation follows FR1, and our FR1 companion paper [3] suggested to use a link budget template based on IMT-2020 self-evaluation. The remaining issues for coverage evaluation include the array gain calculation for LLS based methodology, number of UE panels, and the parameter assumptions in the link budget. 
Consideration on the antenna array gain and UE panel
	Agreements:
Down selection on the following options for antenna array gain for LLS based methodology for FR1 in next meeting.
· Option 1: Antenna array gain is included in the link budget template. 
· FFS: array gain = 10 * 1og10 (number of antenna elements/number of TxRUs)
· FFS: For TDL channel model
· FFS: Values reflective of realistic implementation and network operation.
· Option 2: Antenna array gain is included in LLS.
· FFS: For CDL channel model
Agreements:
· For link level simulation, adopt the following simulation assumption for eMBB data or VoIP on PUSCH and on PDSCH for FR2 
· Number of UE antenna elements : 8, one panel:(M, N, P) = (2,2,2), 
· FFS: Two panels in link budget, one panel in LLS, 16 for each panel: (M, N, P) = (4,2,2)


For FR2, both the base station and UE use narrow analog beams for data transmission and reception, and the beamforming put different weights on different spatial directions. The obtained array gain highly depends on the matching between the beam direction and the spatial angles of the propagation channel. For example, the power may be 3+ dB attenuated if the cluster angle deviates larger than the half power beamwidth (HPBW) of the main lobe, which reduces the actually obtained array gain. To achieve a more reasonable evaluation result, the antenna array gain should be included in LLS based on CDL channel model for FR2, and the analog beams used for LLS at the BS and UE should be further studied considering that the spatial angles of the channel model. Further, the antenna patterns defined in [4] can be used for LLS. 
[bookmark: _Ref40107145]Proposal 1: The antenna array gain should be included in LLS based on CDL channel model for FR2.
[bookmark: _Ref46591974]Proposal 2: The analog beams used for LLS at the BS and UE should be further studied, and the beam directed to the strongest cluster in the CDL model can be a starting point.
Although multiple panels may be equipped by an FR2 UE, there are cases that only one panel is effective and the others are blocked. Hence, it is reasonable to use only one panel for both LLS and link budget in FR2 coverage evaluation. 
[bookmark: _Ref46591979]Proposal 3: Only one panel should be considered for the link budget in FR2.
Consideration on the other remaining parameters
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, which includes: the total transmit power, antenna element gain, interference, shadow fading, penetration, and pathloss model. As a startup, the assumptions are listed in Table 1 and most of them are from [4], [5]. In the table, the UE total transmit power (TRP) is assumed to be 16 dBm, which yields a maximum EIRP of 16 + 5 (dBi) + 10log10(8/2) - 1 = 26 dBm (8 is the agreed UE antenna elements number [2], 2 is the UE ports number, 1 is the feeder loss [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: _Ref46738624]Proposal 4: The remaining parameters involved in the link budget should be studied, and the values in Table 1 should be considered.

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

	Total transmit power (dBm) [4]
	BS: 23 
UE: 16 
	BS: 40 
UE: 16 
	BS: 40 
UE: 16 

	Antenna element gain (dBi)
	BS: 5 
UE: 5 
	BS: 8 
UE: 5 
	BS: 8 
UE: 5 

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

	Shadow fading (dB) [5]
	5.2
	O2O: 4.85
O2I: 6.41
	O2O: 6.61
O2I: 6.3

	Penetration margin (dB) 
	-
	41.55
Derived according to high loss model defined in TS 38.901 [6]
	41.55
Derived according to high loss model defined in TS 38.901 [6]

	Pathloss model  
	InH [4] [5]
	UMa [4] [5]
	Rural [4] [5]
With street width 20 m and building height 10 m [7]



3 Baseline coverage performance for FR2 
Evaluated configurations on link budget evaluation
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 proposed 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
	Suburban

	System configuration
	NR 28 GHz TDD
DL/UL: DDDSU
	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
	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)
	BS: (M, N, P, Mg, Ng) = (4, 8, 2, 2, 2)
UE: (M, N, P) = (2,2,2)
	BS: (M, N, P, Mg, Ng) = (4, 8, 2, 2, 2)
UE: (M, N, P) = (2,2,2)

	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
	CDL-A 100 ns

	SCS
	120 kHz
	120 kHz
	120 kHz

	Waveform [2]
	PDSCH: OFDM
PUSCH: DFT-s-OFDM
	PDSCH: OFDM
PUSCH: DFT-s-OFDM
	PDSCH: OFDM
PUSCH: DFT-s-OFDM

	Bandwidth [2]
	PDSCH: 66 RB
PUSCH: 30 RB
	PDSCH: 66 RB
PUSCH: 30 RB
	PDSCH: 6 RB
PUSCH: 4 RB

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

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

	MCS
	DL: 2
UL: 4
	DL: 2
UL: 4, QPSK
	DL: 0
UL: 0, QPSK

	UE speed
	3 km/h
	Indoor: 3 km/h
Outdoor: 30 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
	Coverage 1154.67 m
ISD 1732 m



Required SNR and link budget based on LLS
Based on the assumptions listed in Table 2, the required SNR is simulated and provided in Table 3. The antenna array gain is included in the required SNR. The available pathloss and achieved distance are shown in Figure 1 and Figure 2, 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.
[bookmark: _Ref46591994]Observation 2: For a target O2O urban coverage of ISD=400 or 500m, the downlink is achievable, and the uplink is with 7.32 dB (59 m) or 11.11 dB (125 m) less than the target pathloss (distance), respectively. 
[bookmark: _Ref46843520]Observation 3: For a target O2O suburban coverage of ISD=1732 m, both downlink and uplink are unachievable.
[bookmark: _Ref46843524][bookmark: _GoBack]Observation 4: For both urban and suburban, target O2I coverage are unachievable.
 
Table 3 Required SNR (dB) based on LLS 
	Scenario and channels
	Indoor hotspot
	Urban Macro 
	Suburban

	PDSCH (O2O)
	Indoor gNB serving indoor UE: -25.18
	-24.33
	-23.41

	PDSCH (O2I)
	
	-24.57
	-23.55

	PUSCH (O2O)
	Indoor gNB serving indoor UE: -23.14
	-24.53
	-26.84

	PUSCH (O2I)
	
	-24.71
	-26.83


[bookmark: _Ref46842749]

(a) O2O, Urban with target ISD 500 m
 
(b) O2I, Urban with target ISD 500 m
Figure 1 available pathloss for O2O and O2I 
 
(a) O2O
 
(b) O2I
Figure 2 achieved distance for O2O and O2I

Table 4 Achieved pathloss and the gap to target
	Scenario
	Available pathloss (dB)
	Gap to target (dB)

	
	PDSCH
	PUSCH
	PDSCH
	PUSCH

	Indoor (ISD 70 m)
	126.36 
	123.33 
	4.10 
	1.07 

	Urban (O2O, ISD 400 m)
	150.87 
	133.07 
	10.48
	-7.32

	Urban (O2O, ISD 500 m)
	150.87 
	133.07 
	6.69 
	-11.11 

	Suburban (O2O, ISD 1732 m)
	148.19 
	142.37 
	-8.06 
	-13.88 

	Urban (O2I, ISD 400 m)
	108.00 
	90.14 
	-32.39
	-50.25

	Urban (O2I, ISD 500 m)
	108.00 
	90.14 
	-36.18 
	-54.04 

	Suburban (O2I, ISD 1732 m)
	107.09 
	101.12 
	-49.16 
	-55.13 


[bookmark: _Ref46842751]Table 5 Achieved coverage and the gap to target
	Scenario
	Achieved coverage (m)
	Gap to target (m)

	
	PDSCH
	PUSCH
	PDSCH
	PUSCH

	Indoor (ISD 70 m)
	80.66 
	67.23 
	30.66 
	17.23 

	Urban (O2O, ISD 400 m)
	593.53 
	207.91 
	326.87 
	-58.75 

	Urban (O2O, ISD 500 m)
	593.53 
	207.91 
	260.20 
	-125.42 

	Suburban (O2O, ISD 1732 m)
	859.26 
	607.30 
	-295.41 
	-547.37 

	Urban (O2I, ISD 400 m)
	47.48 
	16.57 
	-219.19 
	-250.09 

	Urban (O2I, ISD 500 m)
	47.48 
	16.57 
	-285.86 
	-316.76 

	Suburban (O2I, ISD 1732 m)
	74.18 
	51.96 
	-1080.48 
	-1102.70 



4 Conclusions
The contribution provides our considerations on FR2 coverage evaluation, and the proposals are listed as following:
Proposal 1: The antenna array gain should be included in LLS based on CDL channel model for FR2.
Proposal 2: The analog beams used for LLS at the BS and UE should be further studied, and the beam directed to the strongest cluster in the CDL model can be a start point.
Proposal 3: Only one panel should be considered for the link budget in FR2.
Proposal 4: The remaining parameters involved in the link budget should be studied, and the values in Table 1 should be considered.
Based on the evaluation results, the observations are listed as following:
Observation 1: An indoor target coverage of 50 m (ISD 70 m) can be achieved.
Observation 2: For a target O2O urban coverage of ISD=400 or 500m, the downlink is achievable, and the uplink is with 7.32 dB (59 m) or 11.11 dB (125 m) less than the target pathloss (distance), respectively. 
Observation 3: For a target O2O suburban coverage of ISD=1732 m, both downlink and uplink are unachievable.
Observation 4: For both urban and suburban, target O2I coverage are unachievable.
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Acheived coverage without penetration loss (m)

PDSCH	
Indoor	Urban	Suburban	80.659339782681698	593.53378203324701	859.25883821532796	PUSCH	
Indoor	Urban	Suburban	67.231870447037494	207.912872524645	607.30077792803797	Target coverage	
Indoor	Urban	Suburban	50	333.33333333333297	1154.6666666666699	



Acheived coverage with penetration loss (m)

PDSCH	
Urban	Suburban	47.477508435331799	74.1828103101697	PUSCH	
Urban	Suburban	16.5717385405929	51.963746995411803	Target coverage	
Urban	Suburban	333.33333333333297	1154.6666666666699	



Available pathloss without penetration loss (dB)

PDSCH	
Indoor	Urban	Suburban	126.359108568525	150.869408525165	148.18940852516499	PUSCH	
Indoor	Urban	Suburban	123.33036490524501	133.06596490524501	142.36657753916199	Target Pathloss	
Indoor	Urban	Suburban	122.26300000000001	144.17500000000001	156.24529999999999	



Available pathloss with penetration loss (dB)

PDSCH	
Urban	Suburban	108.00030852516505	107.09040852516503	PUSCH	
Urban	Suburban	90.136064905244695	101.117577539162	Target Pathloss	
Urban	Suburban	144.17500000000001	156.24529999999999	



