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Introduction
This contribution provides baseline coverage performance for FR2 based on the simulation assumptions agreed in RAN1#102-e meeting and follow-up RAN1 email discussion. Note the link budget excel sheet is attached in a separate file. Simulation results for FR1 are given in [1].
Simulation assumptions
In RAN1#102-e meeting (and post e-mail discussion), simulation parameters were agreed for several scenarios, services and channels. In this contribution, we give the simulation results for various scenarios, such as indoor, urban, and suburban, for uplink and downlink data and control channels, such as PUSCH, PUCCH, PDSCH, and PDCCH. In detail, the values of the simulation parameters used in the evaluation for FR2 are summarized in the Appendix.
Baseline coverage performance for FR2
Link budget results are obtained based on the agreed link budget template [2]. In Table 1 below, required SNR, Maximum Coupling Loss (MCL), Maximum Isotropic Loss (MIL) and Maximum Path Loss (MPL) are summarized for each scenario and channel. The underlying assumption is that all of antenna gain correction factors (are set to zero. Bottleneck channels are determined (marked in yellow) based on relative difference between channels. Overall, we observe that PUSCH and PUCCH need improvement in most evaluated cases. 
The evaluated scenarios include indoor 28 GHz TDD, urban 28 GHz TDD and suburban 28 GHz TDD. For urban scenarios, we consider O2I with UE velocity 3kmph and O2O with UE velocity 30kmph. We also consider O2I with UE velocity 3kmph, O2O with UE velocity 30kmph and O2O with UE velocity 120kmph for suburban scenario.
Table 1. Baseline coverage performance
	Indoor 28 GHz TDD

	Channel
	The required SNR
	MCL
	MIL
	MPL
	Key assumptions

	PUSCH for eMBB
	2.4
	95.78
	122.84
	121.93
	30 PRBs/ O2I with UE velocity: 3kmph

	PUSCH for VoIP
	-6.8
	113.73
	140.79
	139.88
	The max # of HARQ tx: 32/ Latency: 51 ms/ Repetition type A/ O2I with UE velocity: 3kmph

	
	-7.55
	114.48
	141.54
	140.63
	The max # of HARQ tx: 32/ Latency: 51 ms/ Repetition type B/ O2I with UE velocity: 3kmph

	PUCCH
	-7.5
	116.87
	143.94
	141.14
	UCI: 2 bits/ Format 1/ O2I with UE velocity: 3kmph

	
	-2.55
	111.92
	138.99
	136.19
	UCI: 11 bits/ Format 3/ O2I with UE velocity: 3kmph

	
	-0.315
	109.69
	136.75
	133.95
	UCI: 22 bits/ Format 3/ O2I with UE velocity: 3kmph

	PDCCH
	-7.73
	113.72
	143.79
	140.99
	48 PRBs/ O2I with UE velocity: 3kmph

	PDSCH for eMBB
	2.1
	104.39
	134.46
	133.55
	50 PRBs/ O2I with UE velocity: 3kmph

	Urban 28 GHz TDD

	Channel
	The required SNR
	MCL
	MIL
	MPL
	Key assumptions

	PUSCH for eMBB
	3.2
	94.98
	125.05
	90.28
	30 PRBs/ O2I with UE velocity: 3kmph

	
	3.2
	94.98
	125.05
	111.20
	30 PRBs/ O2O with UE velocity: 30kmph

	PUSCH for VoIP
	-6.6
	113.53
	143.60
	108.83
	The max # of HARQ tx: 32/ Latency: 51 ms/ Repetition type A/ O2I with UE velocity: 3kmph

	
	-8.4
	115.33
	145.40
	131.55
	The max # of HARQ tx: 32/ Latency: 51 ms/ Repetition type A/ O2O with UE velocity: 30kmph

	
	-7.4
	114.33
	144.40
	109.63
	The max # of HARQ tx: 32/ Latency: 51 ms/ Repetition type B/ O2I with UE velocity: 3kmph

	
	-8.75
	115.68
	145.75
	131.90
	The max # of HARQ tx: 32/ Latency: 51 ms/ Repetition type B/ O2O with UE velocity: 30kmph

	PUCCH
	-7.4
	114.33
	144.40
	109.63
	UCI: 2 bits/ Format 1/ O2I with UE velocity: 3kmph

	
	-7
	116.37
	146.45
	129.38
	UCI: 2 bits / Format 1/ O2O with UE velocity: 30kmph

	
	-0.35
	109.72
	139.80
	101.95
	UCI: 11 bits/ Format 3/ O2I with UE velocity: 3kmph

	
	-0.315
	109.69
	139.76
	101.91
	UCI: 22 bits/ Format 3/ O2I with UE velocity: 3kmph

	
	-2.2
	111.57
	141.65
	124.58
	UCI: 11 bits/ Format 3/ O2O with UE velocity: 30kmph

	
	-0.39
	109.76
	139.84
	122.77
	UCI: 22 bits/ Format 3/ O2O with UE velocity: 30kmph

	PDCCH
	-7.88
	130.87
	163.95
	126.10
	48 PRBs / O2I with UE velocity: 3kmph

	
	-7.88
	130.87
	163.95
	146.88
	48 PRBs/ O2O with UE velocity: 30kmph

	PDSCH for eMBB
	3.05
	120.44
	153.52
	118.75
	50 PRBs / O2I with UE velocity: 3kmph

	
	3.05
	120.44
	153.52
	139.67
	50 PRBs/ O2O with UE velocity: 30kmph

	Suburban 28 GHz TDD

	Channel
	The required SNR
	MCL
	MIL
	MPL
	Key assumptions

	PUSCH for eMBB
	0.1
	112.85
	142.92
	108.15
	1 PRBs / O2I with UE velocity: 3kmph

	
	-0.25
	113.20
	143.27
	129.42
	1 PRBs / O2O with UE velocity: 30kmph

	
	-1.2
	125.16
	155.23
	141.38
	1 PRBs / O2O with UE velocity: 120kmph

	PUSCH for VoIP
	-6.6
	113.53
	143.60
	108.83
	The max # of HARQ tx: 32 / Latency: 51 ms/ Repetition type A/ O2I with UE velocity: 3kmph

	
	-8.40
	115.33
	145.40
	131.55
	The max # of HARQ tx: 32 / Latency: 51 ms/ Repetition type A/ O2O with UE velocity: 30kmph

	
	-6.76
	113.69
	143.76
	129.91
	The max # of HARQ tx: 32 / Latency: 51 ms/ Repetition type A/ O2O with UE velocity: 120kmph

	
	-7.4
	114.33
	144.40
	109.63
	The max # of HARQ tx: 32 / Latency: 51 ms/ Repetition type B/ O2I with UE velocity: 3kmph

	
	-8.75
	115.68
	145.75
	131.90
	The max # of HARQ tx: 32 / Latency: 51 ms/ Repetition type B/ O2O with UE velocity: 30kmph

	
	-6.8
	113.73
	143.80
	129.95
	The max # of HARQ tx: 32 / Latency: 51 ms/ Repetition type B/ O2O with UE velocity: 120kmph

	PUCCH
	-7.04
	116.41
	146.48
	108.63
	 UCI: 2 bits / Format1/ O2I with UE velocity: 3kmph

	
	-7.09
	116.46
	146.54
	129.47
	UCI: 2 bits/ Format1/ O2O with UE velocity: 30kmph

	
	-6.98
	116.35
	146.42
	129.35
	UCI: 2 bits/ Format1/ O2O with UE velocity: 120kmph

	
	-0.35
	109.72
	139.80
	101.95
	UCI: 11 bits / Format3/ O2I with UE velocity: 3kmph

	
	-2.26
	111.63
	141.71
	124.64
	UCI: 11 bits/ Format3/ O2O with UE velocity: 30kmph

	
	-2.7
	112.07
	142.15
	125.08
	UCI: 11 bits/ Format3/ O2O with UE velocity: 120kmph

	
	-0.32
	109.69
	139.76
	101.91
	UCI: 22 bits / Format3/ O2I with UE velocity: 3kmph

	
	-0.39
	109.76
	139.84
	122.77
	UCI: 22 bits / Format3/ O2O with UE velocity: 30kmph

	
	-0.518
	109.89
	139.96
	122.89
	UCI: 22 bits / Format3/ O2O with UE velocity: 120kmph

	PDCCH
	-7.88
	130.87
	163.95
	126.10
	48 PRBs/ O2I with UE velocity: 3kmph

	
	-7.88
	130.87
	163.95
	146.88
	48 PRBs / O2O with UE velocity: 30kmph

	
	-7.93
	130.92
	164
	146.93
	48 PRBs / O2O with UE velocity: 120kmph

	PDSCH for eMBB
	4.5
	118.99
	152.07
	117.30
	50 PRBs/ O2I with UE velocity: 3kmph

	
	4.9
	118.59
	151.67
	137.82
	50 PRBs / O2O with UE velocity: 30kmph

	
	4.15
	119.34
	152.42
	138.57
	50 PRBs / O2O with UE velocity: 120kmph


For each scenario, the bottleneck channels are summarized as following:
· Indoor (28 GHz, TDD): PUSCH for eMBB
· Urban (28 GHz, O2I with UE velocity: 3kmph, TDD): PUSCH for eMBB
· Urban (28 GHz, O2O with UE velocity: 30kmph, TDD): PUSCH for eMBB, PUCCH with 11 UCI bits and 22 UCI bits 
· Suburban (28 GHz, O2I with UE velocity: 3kmph, TDD): PUCCH with 11 UCI bits and 22 UCI bits
· Suburban (28 GHz, O2O with UE velocity: 30kmph, TDD): PUCCH with 22 UCI bits
· Suburban (28 GHz, O2O with UE velocity: 120kmph, TDD): PUCCH with 22 UCI bits

Based on the results, it is observed that coverage enhancements for PUSCH and PUCCH are needed for FR2.
Observation 1. In terms of coverage enhancement, PUSCH and PUCCH are bottleneck compared to other channels for FR2.
Proposal 1. Support coverage enhancements for PUSCH and PUCCH for FR2.
Conclusion
This contribution presents FR2 simulation results to identify baseline coverage performance of several UL and DL channels in FR2. The following observations and proposals are made: 

Observation 1. In terms of coverage enhancement, PUSCH and PUCCH are bottleneck compared to other channels for FR2.
Proposal 1. Support coverage enhancements for PUSCH and PUCCH for FR2.
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Appendix 
Table A-1. General simulation parameters
	Parameters
	Values

	Scenario and frequency
	28GHz

	Frame structure for TDD
	DDDSU (S: 10D:2G:2U)

	Subcarrier Space
	120kHz

	UE velocity
	Indoor scenario:3km/h
Urban scenario: 3km/h for indoor, 30km/h for outdoor. 
Suburban scenario: 3km/h for indoor, 30km/h, 120km/h for outdoor.

	Occupied channel bandwidth for
	100MHz

	Frequency hopping for PUSCH
	w/ or w/o frequency hopping

	Number of antenna elements for BS
	Indoor scenario: 128
(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1)
Urban/suburban scenario: 
256, (M,N,P,Mg,Ng) = (4, 8, 2, 2, 2)

	Number of TxRUs for BS
	2

	Number of UE Tx/Rx chains
	1T2R, 2T2R

	Channel model for link-level simulation
	TDL-A

	Delay spread
	Indoor scenario: 30ns
Urban scenario: 100ns
Suburban scenario: 100ns



Table A-2. Channel specific parameters for PUSCH and PDSCH
	Parameters
	Values

	BLER
	For eMBB, w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	DMRS configuration
	For 30km/h and 120km/h: Type I, 2 DMRS symbol, no multiplexing with data.
For 3km/h: Type I, 1 DMRS symbol, no multiplexing with data.

	Waveform
	DFT-s-OFDM for PUSCH, CP-OFDM for PDSCH

	Repetitions for PUSCH/PDSCH
	For eMBB, w/o repetition as baseline
For VoIP, w/ repetition and # of actual repetitions = 2 (2/14 symbols in DDDSU with repetition type B)

	HARQ configuration for PUSCH/PDSCH
	For eMBB, no HARQ transmission.
For VoIP, w/ HARQ and the maximum number of HARQ transmission = 32 due to latency requirements.

	PUSCH/PDSCH duration
	14 OS for PUSCH, 12 OS for PDSCH

	PRBs/TBS/MCS for eMBB for PUSCH
	30 PRBs for 5Mbps and 1 PRBs for 50kbps
QPSK modulation

	PRBs/MCS for VoIP for PUSCH
	4 PRBs for VoIP 
QPSK modulation

	PRBs/MCS for eMBB for PDSCH
	[bookmark: _GoBack]50 PRBs for 25Mbps and 2 PRBs for 1Mbps
QPSK modulation

	Frequency hopping
	w/o frequency hopping for PUSCH



Table A-3. Channel specific parameters for PUCCH
	Parameters
	Values

	Format
	Format 1, 2bits UCI.
Format 3, 11/22 bits UCI

	BLER for PUCCH
	For PUCCH format 1: 
ACK missed detection probability: 1%.
For PUCCH format 3: 
BLER: 1%

	Number of PRBs for PUCCH
	1 PRB

	Number of UE transmit chains for PUCCH
	1

	Number of repetitions for PUCCH
	w/o repetition for PUCCH.

	PUCCH duration
	14 OFDM symbols

	DMRS configuration for PUCCH
	Additional 3 DMRS symbols for PUCCH Format 3.

	Frequency hopping
	w/ frequency hopping for PUCCH



Table A-4. Channel specific parameters for PDCCH
	Parameters
	Values

	Aggregation level
	16

	Payload
	40 bits

	CORESET size
	2 symbols, 48PRBs 

	Tx Diversity
	Precoder cycling

	BLER for PDCCH
	1% BLER.
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