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[bookmark: _Ref513464071][bookmark: _GoBack]Introduction
In RAN1#101e, simulation assumptions for FR2 were agreed [1]. In this contribution, baseline techniques for eMBB are evaluated. 
Remaining issues
As discussed in our companion paper [2], the issues related to the link budget table, MCL calculation need to be discussed and decisions have to be made during this meeting. Similar to the proposals made in [2], we make the following proposals. Detailed explanations for the proposals below are explained in [2].
Proposal 1 : Support Option 1 (Antenna array gain is included in the link budget template)
Proposal 2 : Adopt the overall antenna gain given by Overall antenna gain , where N, M, L as the number of TXRU, antenna elements and RF chains, respectively and .
Proposal 3 : Support Option 3 (Adopt single link budget template in TR 36.824 with necessary revisions, including adding/revising some parameters.)
Proposal 4 : Support Option 2, Alt 3 (Relative MCL)
As in the FR1 analysis, the scaling factor of 0.5, i.e., , is assumed for computing the overall antenna gain.
FR2 baseline coverage performance
Link level simulation results for eMBB
In this section, both iBLER and throughput performance for eMBB are shown. Evaluation assumptions are shown in Appendix. Similar to the FR1 analysis [2], correlation between antennas are varied to study the effect of inter-Rx antenna correlation. In addition, 1 and 2 DMRS antennas are implemented in the simulation. Both indoor and urban scenarios are investigated in this simulation. BLER and throughput performance for indoor scenario are shown in Figure 1 and Figure 2, respectively. In Figure 3 and Figure 4, BLER and throughput performance in urban scenario are shown, respectively. 
In Table 1, SNR (dB) required to achieve the target iBLER and throughput performance for the indoor scenario is shown. Form the table, it is clear that using 1 DMRS, lower SNR can be obtained, thanks to improved spectral efficiency using 1 DMRS symbol.
In Table 2, SNR (dB) required to achieve the target iBLER and throughput performance for the urban scenario is shown. Form the table, while low correlation between Rx antennas improves the performance, relationship between the required SNR to achieve the target and number of DMRS changes, depending on correlation between antennas.
	
[bookmark: _Ref47776893]Table 1 SNR (dB) at target iBLER and throughput for eMBB, indoor scenario, TDD for low, medium and high antenna correlation
	
	1 DMRS
	2 DMRS

	Low
	2.5
	5

	Medium/high
	5
	6


 
Table 1 SNR (dB) at target iBLER and throughput for eMBB, urban scenario, TDD for low, medium and high antenna correlation
	
	1 DMRS
	2 DMRS

	Low
	3
	2.5

	Medium/high
	4.5
	5
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[bookmark: _Ref47776516][bookmark: _Ref47776511]Figure 1 BLER results, Indoor, FR2, TDD
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[bookmark: _Ref47776518]Figure 2 Throughput performance, indoor FR2, TDD
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[bookmark: _Ref47776519]Figure 3 BLER results, Urban, FR2, TDD 

[image: ]
[bookmark: _Ref47776521]Figure 4 Throughput performance, Urban FR2, TDD
MCL table calculation
In this section, MCL performances for eMBB for both indoor and urban scenario with different assumptions for the number of DMRS and correlation between antennas are shown. From the analysis, it should be noted that the coverage performance is influenced by the scaling constant used in theRX antenna gain. Similar to eMBB, the performance gain can be achieved by 2 DMRS symbols
Table 1: MCL calculation for eMBB, indoor
	Physical channel name
	low, 
1 DMRS
	low,
2 DMRS
	Medium/high,
1 DMRS 
	Medium/high,
2 DMRS

	Transmitter
	
	
	
	

	(1) Tx power  (dBm)
	23
	23
	23
	23

	(2) Tx antenna gain (dB)
	0
	0
	0
	0

	Receiver
	
	
	
	

	(3) Rx antenna gain (dB)
	5.26
	5.26
	5.26
	5.26

	(4) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174

	(5) Receiver noise figure (dB)
	7
	7
	7
	7

	(6) Interference margin (dB)
	0
	0
	0
	0

	(7) Occupied channel bandwidth (Hz)
	43,200,000
	43,200,000
	43,200,000
	43,200,000

	(8) Effective noise power
	
	
	
	

	         = (4) + (5) + (6) + 10 log(7)  (dBm)
	-90.6
	-90.6
	-90.6
	-90.6

	(9) Required SINR (dB) per RxAnt
	2.5
	5
	5
	6

	(10) Receiver sensitivity
	
	
	
	

	         = (8) + (9) (dBm)
	-88.1
	-85.6
	-85.6
	-84.6

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

	(12) MCL
	
	
	
	

	         = (1) + (2) + (3) - (10) - (11) - (12) (dB)
	116.36
	113.86
	113.86
	112.86



Table 1: MCL calculation for eMBB, rural
	Physical channel name
	low, 
1 DMRS
	low,
2 DMRS
	Medium/high,
1 DMRS 
	Medium/high,
2 DMRS

	Transmitter
	
	
	
	

	(1) Tx power  (dBm)
	23
	23
	23
	23

	(2) Tx antenna gain (dB)
	0
	0
	0
	0

	Receiver
	
	
	
	

	(3) Rx antenna gain (dB)
	6.0
	6.0
	6.0
	6.0

	(4) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174

	(5) Receiver noise figure (dB)
	7
	7
	7
	7

	(6) Interference margin (dB)
	0
	0
	0
	0

	(7) Occupied channel bandwidth (Hz)
	43,200,000
	43,200,000
	43,200,000
	43,200,000

	(8) Effective noise power
	
	
	
	

	         = (4) + (5) + (6) + 10 log(7)  (dBm)
	-90.6
	-90.6
	-90.6
	-90.6

	(9) Required SINR (dB) per RxAnt
	3
	2.5
	4.5
	5

	(10) Receiver sensitivity
	
	
	
	

	         = (8) + (9) (dBm)
	-87.6
	-88.1
	-86.1
	-85.6

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

	(12) MCL
	
	
	
	

	         = (1) + (2) + (3) - (10) - (11) - (12) (dB)
	116.6
	116.1
	115.1
	114.6



From the analysis, the following observation is made:
Observation 1: The MCL performance depends on the antenna gain assumed in evaluation
Conclusion.
In this contribution, the following observation and proposals are made.

Observation 1: The MCL performance depends on the antenna gain assumed in evaluation
Proposal 1 : Support Option 1 (Antenna array gain is included in the link budget template)
Proposal 2 : Adopt the overall antenna gain given by Overall antenna gain , where N, M, L as the number of TXRU, antenna elements and RF chains, respectively and .
Proposal 3 : Support Option 3 (Adopt single link budget template in TR 36.824 with necessary revisions, including adding/revising some parameters.)
Proposal 4 : Support Option 2, Alt 3 (Relative MCL)
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Appendix
Table 5 TDD simulation assumptions for eMBB, FR2
	Simulation Assumptions
(to maximize MCL)
	eMBB Values

	Duplexing mode
	TDD

	Carrier Frequency (GHz)
	28 

	Subcarrier Spacing (kHz)
	120

	Tx  Bandwidth Configuration (MHz)
	100

	Waveform
	W CP DFT-s-OFDM

	CP type
	Normal

	PHY channel
	PUSCH

	Allocation  (# of PRB)

	30

	Allocation  (# of OFDM symbols)
	14

	DM-RS Type
	Configuration Type 1 (according to Table 6.4.1.1.3-1 in TS 38.211 [6])

	DM-RS (# of OFDM symbols)
	Type B, {1, 2, 3, 4}

	MCS index, table
	#5, Table 6.1.4.1-1, TS 38.214

	Repetition/HARQ scheme
	No repetition, no HARQ

	Hopping
	Inter-slot

	Antenna Configuration
	1 (UE) x 2 (gNB), 2 TXRU at gNB, (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1) for indoor gNB, 
(M,N,P,Mg,Ng) = (4, 8, 2, 2, 2) for urban gNB


	PA impairment
	ideal

	Channel model (TDL type, DS)
	TDL-A, DS=30ns for indoor DS=100ns for rural


	Speed
	3 km/hr

	Receiver: CHEST
	Realistic

	TX pattern per frame
	DDDSU

	Data rate
	5 Mbps for indoor and urban, iBLER 10%
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