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[bookmark: _Ref497831218]Introduction
At RAN1#101 e-meeting, the link level simulation assumptions and the link budget method were discussed for FR1, some agreements were made as below. 
Agreements:
· Adopt the following target data rates for eMBB performance evaluation for FR1.
· Urban scenario: DL 10Mbps, UL 1Mbps
· Rural scenario: DL 1Mbps, UL 100kbps
· Rural with long distance scenario: DL 1Mbps, UL 100kbps, [30kbps] (optional)
Agreements:
· For link level simulation, adopt following TBS for Msg3 for FR1
· 56 bits
Agreements:
· For link level simulation, for PDSCH of Msg.4 for FR1.
· Reuse the following simulation assumption for PDSCH
· Waveform, [PDSCH duration]
· FFS: Payload size: [3000bits].
· Other parameters: Reported by companies.
Agreements:
· For link level simulation, for SSB, PDCCH, PDSCH and PDCCH of Msg.2, PDSCH of Msg.4 and PDSCH for FR1.
· Reuse following simulation assumptions agreed for PUSCH.
· Scenario and frequency, frame structure, SCS, pathloss model, channel model, delay spread, UE velocity, number of antenna elements and TxRUs for BS.
· The number of UE receive chains: is 2.
· 4 for 4GHz/2.6GHz
· 2 or 4 for 2GHz
· 2 for 700MHz
· For PDSCH, reuse DM-RS configuration, BLER, HARQ, Latency requirements for voice agreed for PUSCH.
·    Reuse DM-RS configuration agreed for PUSCH except that 3 DMRS symbols is used for Msg2.
· For link level simulation, for PRACH and Msg.3 for FR1.
· Reuse following simulation assumptions agreed for PUSCH
· Scenario and frequency, frame structure, pathloss model, channel model, delay spread, UE velocity, number of antenna elements and TxRUs for BS and Number of UE transmit chains.
· For Msg.3, reuse SCS, HARQ configuration, frequency hopping agreed for PUSCH.
[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK26]In this contribution, we provide simulation results of PDCCH/PDSCH/PUCCH/PUSCH for FR1 in different scenarios. 
Discussion
The baseline performance in FR1 is defined as the MPL (Maximum Path Loss) from the link budget evaluation used for IMT-2020 self-evaluation based on the given target data rate. The related target data rate for both downlink and uplink transmission in Urban, Rural and Rural with long distance scenarios are summarized in Table 1 according to the agreements [1]. Accordingly, the target performance is the MPL (Maximum Path Loss) at the cell edge corresponding to the target ISD also shown in table 1. The detailed link level simulation assumptions can be found in Appendix.
[bookmark: _Ref40112735]Table 1: the target data rate and ISD requirements for different scenarios
	Frequency band
	Scenarios
	Duplexing scheme
	Target data rate
	Target ISD
	Target performance

	FR1
	Urban
	
FDD/TDD
	DL 10Mbps, UL: 1 Mbps for eMBB
TBS 320bits for VoIP
	ISD 1: 400m
	117.97dB for 4GHz;
114.22dB for 2.6GHz

	
	
	
	
	ISD 2: 500m
	121.75dB for 4GHz;
118.01dB for 2.6GHz

	
	Rural
	
FDD/TDD
	DL 1Mbps, UL: 100 kbps for eMBB
TBS 320bits for VoIP
	ISD 1: 1732m
	131.57 dB for 4GHz;
127.83 dB for 2.6GHz
125.55 dB for 2GHz
116.43 dB for 700MHz

	
	Rural with long distance
	FDD/TDD
	DL 1Mbps, UL 100kbps, 
TBS 320bits for VoIP
	ISD1: 12Km
	164.05dB for 4Ghz
148.91dB for 700MHz

	
	
	
	
	ISD2: 30Km
	179.42 dB for 4Ghz
164.29 dB for 700MHz


· Urban
Target MPL corresponding to target ISD of 400m and 500m are compared. NLOS outdoor-to-indoor case with 3km/h UE speed is considered in the evaluation. Required SINR for LLS with TDL-C channel model are evaluated. 

Figure 1: the link budget results of Urban
In Urban scenario, the coverage of downlink channel, PRACH and PUCCH can meet the requirement. 
For PUSCH, some case cannot meet the requirement especially with target ISD 500m @4GHz as shown in Table 2. 
Table 2: the bottleneck channels for urban 
	Scneario
	Bottleneck channel
	Gap (dB) with target ISD 400m
	Gap (dB) with target ISD 500m

	4GHz DDDSU
	Msg 3 PUSCH
	-
	-2.71 

	
	eMBB PUSCH
	-7.28 
	-11.06 

	
	VoIP PUSCH w/o rep
	-3.63 
	-7.41 

	
	VoIP PUSCH w/  repetition
	-
	-0.91 

	4GHz DDDSUDDSUU 
	Msg 3 PUSCH
	-
	-2.71 

	
	eMBB PUSCH
	-6.08 
	-9.86 

	
	VoIP PUSCH w/o rep
	-3.63 
	-7.41 

	
	VoIP PUSCH w/  repetition
	-
	-0.21 

	2.6GHz DDDDDDDSUU 
	eMBB PUSCH
	-3.43 
	-7.22 

	
	VoIP PUSCH w/o rep
	-
	-3.67 




Observation 1: In Urban scenario, the PDCCH, SSB, PDSCH, PRACH and PUCCH are not bottleneck. The coverage of PUSCH is the bottleneck.
· eMBB PUSCH is the bottleneck channel in urban scenario for both 2.6 GHz and 4 GHz, up to 11 dB performance gap needs to be compensated
· The performance gap for VoIP PUSCH in urban scenario can be compensated via repetition
· Msg3 PUSCH is problematic if the target ISD=500m
· [bookmark: OLE_LINK22][bookmark: OLE_LINK27]Rural 
Target MPL corresponding to target ISD of 1732m is assumed. NLOS rural case with 3km/h UE speed and 120km/h are considered in the evaluation. Required SINR for LLS with TDL-C channel model and TDL-D model are evaluated. 

Figure 2: the link budget results of Rural-TDLC-3kmph
Table 3: the bottleneck channels for Rural-TDLC-3kmph  
	Scenario
	Bottleneck channel
	Gap (dB) with target ISD 1732m

	4GHz DDDSU 
	PUCCH F1
	-6.00 

	
	PF3/11bits/rep1
	-7.95 

	
	PF3/11bits/rep2
	-5.67 

	
	PF3/22bits/rep1
	-9.60 

	
	PF3/22bits/rep2
	-7.71 

	
	Msg 3 PUSCH
	-4.20 

	
	eMBB PUSCH
	-5.50 

	
	VoIP PUSCH w/o rep
	-8.90 

	
	VoIP PUSCH w/  repetition
	-2.60 

	2.6GHz DDDDDDDSUU 
	PF3/11bits/rep1
	-3.74 

	
	PF3/11bits/rep2
	-1.61 

	
	PF3/22bits/rep1
	-5.33 

	
	PF3/22bits/rep2
	-3.50 

	
	Msg 3 PUSCH
	-0.06 

	
	eMBB PUSCH
	-1.66 

	
	VoIP PUSCH w/o rep
	-5.36 

	2GHz FDD
	PUCCH F1
	-7.80 

	
	PF3/11bits/rep1
	-6.14 

	
	PF3/11bits/rep2
	-2.15 

	
	PF3/22bits/rep1
	-8.10 

	
	PF3/22bits/rep2
	-6.10 

	
	Msg 3 PUSCH
	-0.39 

	
	VoIP PUSCH w/o rep
	-5.59 




Figure 3: the link budget results of Rural-TDLC-120kmph
Table 4: the bottleneck channels for Rural-TDLC-120kmph  
	Scenario
	Bottleneck channel
	Gap (dB) with target ISD 1732m

	4GHz DDDSU 
	Msg 3 PUSCH
	-2.18 

	
	eMBB PUSCH
	-2.88 

	
	VoIP PUSCH w/o rep
	-6.28 

	2.6GHz DDDDDDDSUU 
	VoIP PUSCH w/o rep
	-2.64 

	2GHz FDD
	VoIP PUSCH w/o rep
	-3.37 




Figure 4: the link budget results of Rural-TDLD-3kmph
Table 5: the bottleneck channels for Rural-TDLD-3kmph  
	Scenario
	Bottleneck channel
	Gap (dB) with target ISD 1732m

	4GHz DDDSU
	PUCCH F1
	-3.54 

	
	PF3/11bits/rep1
	-5.36 

	
	PF3/11bits/rep2
	-3.34 

	
	PF3/22bits/rep1
	-7.00 

	
	PF3/22bits/rep2
	-5.06 

	
	Msg 3 PUSCH
	-2.19 

	
	eMBB PUSCH
	-2.69 

	
	VoIP PUSCH w/o rep
	-5.29 

	
	VoIP PUSCH w/  repetition
	-0.69 

	2.6GHz DDDDDDDSUU 
	PF3/11bits/rep1
	-1.70 

	
	PF3/22bits/rep1
	-3.30 

	
	PF3/22bits/rep2
	-1.50 

	
	VoIP PUSCH w/o rep
	-1.75 

	2GHz FDD
	PF3/22bits/rep1
	-0.70 

	
	VoIP PUSCH w/o rep
	-2.58 




Figure 5: the link budget results of Rural-TDLD-120kmph
Table 6: the bottleneck channels for Rural-TDLD-120kmph  
	Scenario
	Bottleneck channel
	Gap (dB) with target ISD 1732m

	4GHz DDDSU 
	VoIP PUSCH w/o rep
	-1.36 



In rural scenario, the coverage of PDCCH, SSB, PDSCH and PRACH can meet the requirement. 
For PUCCH, in O2I (3kmph) scenarios, some cases cannot meet the coverage requirement with target ISD 1732m, especially in 4GHz, 2.6GHz and 2GHz. In O2O (120kmph) scenarios, the coverage of PUCCH can meet the requirement. 
For PUSCH, the coverage cannot meet the requirement in some limited case as shown in Table 3~6. 
Observation 2: In Rural scenario, the PDCCH, SSB, PDSCH, PRACH are not bottleneck. The coverage of PUCCH and PUSCH are bottleneck in some limited scenarios.
· The PUCCH format 3, eMBB PUSCH, VoIP PUSCH, Msg3 PUSCH is problematic if only 1 DMRS symbol is configured
· For higher frequency carrier, i.e. 4 GHz, the coverage problem is more critical
· The performance gap for VoIP PUSCH can be compensated via repetition.

· Rural with long distance
Target MPL corresponding to target ISD of 12Km and 30Km are compared. NLOS outdoor-to-outdoor case with 120km/h UE speed is considered in the evaluation. Required SINR for LLS with TDL-D channel model is evaluated. 

Figure 6: the link budget results of Rural with long distance
Table 7: the bottleneck channels for Rural with long distance
	Scenario
	Bottleneck channel
	Gap (dB) with target ISD 12km
	Gap (dB) with target ISD 30km

	4GHz DDDSU 
	PDCCH
	-10.98
	-26.35

	
	SSB
	-4.38
	-19.75

	
	PDSCH with eMBB
	-13.36
	-28.73

	
	PDSCH with VOIP
	-3.49
	-18.86

	
	PRACH format0
	-10.3
	-25.67

	
	PRACH formatB4
	-7.8
	-23.17

	
	PUCCH PF1
	-16.18
	-31.55

	
	PUCCH/PF3/11bits/rep=1
	-18.15
	-33.52

	
	PUCCH/PF3/11bits/rep=2
	-16.08
	-31.45

	
	PUCCH/PF3/22bits/rep=1
	-19.8
	-35.17

	
	PUCCH/PF3/22bits/rep=2
	-17.76
	-33.13

	
	Msg 3 PUSCH
	-30.54
	-45.91

	
	eMBB PUSCH
	-31.24
	-46.61

	
	VoIP PUSCH w/o rep
	-33.84
	-49.21

	
	VoIP PUSCH w/  repetition
	-25.64
	-41.01

	4GHz DDDSUDDSUU
	PDCCH
	-10.98
	-26.35

	
	SSB
	-4.38
	-19.75

	
	PDSCH with eMBB
	-13.36
	-28.73

	
	PDSCH with VOIP
	-3.492
	-18.86

	
	PRACH format0
	-10.3
	-25.67

	
	PRACH formatB4
	-7.8
	-23.17

	
	PUCCH PF1
	-16.18
	-31.55

	
	PUCCH/PF3/11bits/rep=1
	-18.15
	-33.52

	
	PUCCH/PF3/11bits/rep=2
	-16.08
	-31.45

	
	PUCCH/PF3/22bits/rep=1
	-19.8
	-35.17

	
	PUCCH/PF3/22bits/rep=2
	-17.76
	-33.13

	
	Msg 3 PUSCH
	-30.53
	-45.90

	
	eMBB PUSCH
	-30.43
	-45.80

	
	VoIP PUSCH w/o rep
	-33.83
	-49.20

	
	VoIP PUSCH w/  repetition
	-24.73
	-40.10

	700MHz FDD
	PDCCH 
	-7.47
	-22.85

	
	SSB
	-0.85
	-16.23

	
	PDSCH with eMBB 
	-2.84
	-18.22

	
	PDSCH with VOIP 
	-
	-13.68

	
	PRACH format0
	-
	-10.07

	
	PRACH formatB4
	-
	-8.17

	
	PUCCH PF1
	-1.1
	-16.48

	
	PUCCH/PF3/11bits/rep=1
	-3.06
	-18.44

	
	PUCCH/PF3/11bits/rep=2
	-0.94
	-16.32

	
	PUCCH/PF3/22bits/rep=1
	-4.68
	-20.06

	
	PUCCH/PF3/22bits/rep=2
	-2.65
	-18.03

	
	Msg 3 PUSCH
	-21.2
	-36.6

	
	eMBB PUSCH
	-19.9
	-35.3

	
	VoIP PUSCH w/o rep
	-24.7
	-40.1

	
	VoIP PUSCH w/  repetition
	-15.1
	-30.5


In rural with long distance scenario, it can be seen the target ISD is high and in most of cases, the coverage of channels cannot meet requirements. 
Observation 3: In Rural with long distance scenario, almost all the channels become bottleneck and the performance gap is too hard to be compensated based on the current target ISD and throughput.

Conclusion
This contribution discussed the preliminary simulation results for PDCCH/SSB/PDSCH/PRACH/ PUCCH/PUSCH in FR1, we have the following observations.
Observation 1: In Urban scenario, the PDCCH, SSB, PDSCH, PRACH and PUCCH are not bottleneck. The coverage of PUSCH is the bottleneck.
· eMBB PUSCH is the bottleneck channel in urban scenario for both 2.6 GHz and 4 GHz, up to 11 dB performance gap needs to be compensated
· The performance gap for VoIP PUSCH in urban scenario can be compensated via repetition
· Msg3 PUSCH is problematic if the target ISD=500m
Observation 2: In Rural scenario, the PDCCH, SSB, PDSCH, PRACH are not bottleneck. The coverage of PUCCH and PUSCH are bottleneck in some limited scenarios.
· The PUCCH format 3, eMBB PUSCH, VoIP PUSCH, Msg3 PUSCH is problematic if only 1 DMRS symbol is configured
· For higher frequency carrier, i.e. 4 GHz, the coverage problem is more critical
· The performance gap for VoIP PUSCH can be compensated via repetition.
Observation 3: In Rural with long distance scenario, almost all the channels become bottleneck and the performance gap is too hard to be compensated based on the current target ISD and throughput.
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Appendix: the LLS assumptions 

Table 3: simulation assumptions of PUSCH
	Parameters
	Values

	Scenario
	Urban
	Rural
	Rural with long distance

	Carrier
	TDD for 4GHz, 2.6GHz
	TDD for 4GHz, 2.6GHz
FDD for2GHz. 700MHz
	TDD for 4GHz
FDD for 700MHz

	TDD configuration
	TDD config 1: DDDSU (S: 10D:2G:2U)
TDD confg 2: DDDSUDDSUU (S: 10D:2G:2U)
TDD config 3: DDDDDDDSUU (S: 6D:4G:4U)
	TDD config 1: DDDSU (S: 10D:2G:2U)
TDD confg 2: DDDSUDDSUU (S: 10D:2G:2U)
TDD config 3: DDDDDDDSUU (S: 6D:4G:4U)
	TDD config 1: DDDSU (S: 10D:2G:2U)
TDD confg 2: DDDSUDDSUU (S: 10D:2G:2U)


	SCS
	30kHz for TDD
	30kHz for TDD, 15kHz for FDD.
	30kHz for TDD, 15kHz for FDD.

	Number of antenna elements for BS
	192 antenna elements, (M,N,P,Mg,Ng) = (8,4,2,1,1)

	64 antenna elements for 4GHz and 2.6GHz, (M,N,P,Mg,Ng) = (8,4,2,1,1)
32 antenna elements for 2GHz, (M,N,P,Mg,Ng) = (8,2,2,1,1)
16 antenna elements for 700MHz, (M,N,P,Mg,Ng) = (4,2,2,1,1)
	64 antenna elements for 4GHz, (M,N,P,Mg,Ng) = (8,4,2,1,1)
16 antenna elements for 700MHz, (M,N,P,Mg,Ng) = (4,2,2,1,1)

	Number of TxRUs for BS
	64 TXRUs
	64 antenna elements for 4GHz and 2.6GHz, (M,N,P,Mg,Ng) = (8,4,2,1,1)
32 antenna elements for 2GHz, (M,N,P,Mg,Ng) = (8,2,2,1,1)
16 antenna elements for 700MHz, (M,N,P,Mg,Ng) = (4,2,2,1,1)
	2 or 4 TXRUs for 700 MHz 
64TxRUs for 4 GHz

	Number of Tx chains for BS
	4
	4
	4

	Number of UE Tx chains
	1
	1
	1

	Duration of PUSCH
	14 OS
	14 OS
	14 OS

	Number of DMRS
	For eMBB/VoIP: 1 OS 
For Msg 3: 3 OS
	For eMBB/VoIP:
3km/h: 1 OS 
120km/h: 2 OS 
For Msg 3: 3 OS
	For eMBB/VoIP:
3km/h: 1 OS 
120km/h: 2 OS 
For Msg 3: 3 OS

	Occupied channel bandwidth
	30 PRBs for eMBB
4 PRBs for VoIP
2 PRBs for Msg 3
	4 PRBs for eMBB
4 PRBs for VoIP
2 PRBs for Msg 3
	4 PRBs for eMBB
4 PRBs for VoIP
2 PRBs for Msg 3

	Modulation
	QPSK
	QPSK
	QPSK

	Coding Rate
	TDD config 1:
eMBB: CR=251/1024;
VoIP: CR=308/1024;
Msg3: CR=120/1024;

TDD config 2:
eMBB: CR=193/1024;
VoIP: CR=308/1024;
Msg3: CR=120/1024;

TDD config 3:
eMBB: CR=251/1024;
VoIP: CR=308/1024;
Msg3: CR=120/1024;

	TDD config 1:
3km/h:
eMBB: CR=193/1024;
VoIP: CR=308/1024;
Msg3: CR=120/1024;
120km/h:
eMBB: CR=251/1024;
VoIP: CR=308/1024;
Msg3: CR=120/1024;

TDD config 2:
3km/h:
eMBB: CR=157/1024;
VoIP: CR=308/1024;
Msg3: CR=120/1024;
120km/h:
eMBB: CR=157/1024;
VoIP: CR=308/1024;
Msg3: CR=120/1024;

TDD config 3:
3km/h:
eMBB: CR=193/1024;
VoIP: CR=308/1024;
Msg3: CR=120/1024;
120km/h:
eMBB: CR=251/1024;
VoIP: CR=308/1024;
Msg3: CR=120/1024;

FDD:
3km/h:
eMBB: CR=99/1024;
VoIP: CR=308/1024;
Msg3: CR=120/1024;
120km/h:
eMBB: CR=99/1024;
VoIP: CR=308/1024;
Msg3: CR=120/1024;
	TDD config 1:
3km/h:
eMBB: CR=30/1024;
VoIP: CR=308/1024;
Msg3: CR=120/1024;
30km/h:
eMBB: CR=30/1024;
VoIP: CR=308/1024;
Msg3: CR=120/1024;

TDD config 2:
3km/h:
eMBB: CR=30/1024;
VoIP: CR=308/1024;
Msg3: CR=120/1024;
30km/h:
eMBB: CR=30/1024;
VoIP: CR=308/1024;
Msg3: CR=120/1024;

	Channel Coding
	LDPC
	LDPC
	LDPC

	Channel Mode
	TDL-C, 300ns
	TDL-C, 300ns 
TDL-D, 300ns
	TDL-D, 30ns

	UE Mobility:
	3km/h
	3km/h for indoor, 120km/h for outdoor
	3km/h for indoor, 120km/h for outdoor

	Channel estimation
	True
	True
	True

	Target BLER
	10% BLER for eMBB
2% BLER for VoIP
10% BLER for Msg3
	10% BLER for eMBB
2% BLER for VoIP
10% BLER for Msg3
	10% BLER for eMBB
2% BLER for VoIP
10% BLER for Msg3

	PUSCH repetition
	w/o repetition for eMBB/Msg 3
w/o repetition and w/ repetition for VoIP:
8 repetitions for TDD config 1
12 repetitions for TDD config 2
8 repetitions for TDD config 3
	w/o repetition for eMBB/Msg 3
w/o repetition and w/ repetition for VoIP:
8 repetitions for TDD config 1
12 repetitions for TDD config 2
8 repetitions for TDD config 3
20 repetitions for FDD 
	w/o repetition for eMBB/Msg 3
w/o repetition and w/ repetition for VoIP:
8 repetitions for TDD config 1
12 repetitions for TDD config 2
20 repetitions for FDD

	Waveform
	DFT-s-OFDM
	DFT-s-OFDM
	DFT-s-OFDM



Table 4: simulation assumptions of PUCCH
	Parameters
	Values

	Scenario
	Urban
	Rural
	Rural with long distance

	Carrier
	4GHz, 2.6GHz
	TDD for 4GHz, 2.6GHz
FDD for2GHz. 700MHz
	TDD for 4GHz
FDD for 700MHz

	Format type
	PUCCH format 1 with 2bits
PUCCH format 3 with 11/22  bits
	PUCCH format 1 with 2bits
PUCCH format 3 with 11/22  bits
	PUCCH format 1 with 2bits
PUCCH format 3 with 11/22  bits

	BWP
	100MHz
	100MHz for TDD
20MHz for FDD
	20MHz

	SCS
	30kHz
	30kHz for TDD 
15kHz for FDD
	15kHz

	Number of antenna elements for BS
	192, (M,N,P,Mg,Ng) = (12,8,2,1,1)
	64, (M,N,P,Mg,Ng) = (8,4,2,1,1)
32, (M,N,P,Mg,Ng) = (8,2,2,1,1)
	16, (M,N,P,Mg,Ng) = (4,2,2,1,1)

	Number of TxRUs for BS
	4
	4
	4

	Number of UE Tx chains
	1
	1
	1

	Duration of PUSCH
	14 OS
	14 OS
	14 OS

	DMRS configuration for PUCCH
	w/o additional DMRS
	w/o additional DMRS
	w/o additional DMRS

	Occupied channel bandwidth
	1 PRB
	1 PRB
	1 PRB

	Channel Mode
	TDL-C, 300ns 
	TDL-D, 300ns for O2O
TDL-C, 300ns for O2I 
	TDL-D, 30ns

	UE Mobility:
	3 km/h
	120 km/h for outdoor
3 km/h for indoor
	120 km/h

	Channel estimation
	True
	True
	True

	PUCCH repetition
	1/2
	1/2
	1/2

	Frequency hopping
	On
	On
	On



Table 5: simulation assumptions of PRACH
	Parameters
	Values

	Scenario
	Urban
	Rural
	Rural with long distance

	Carrier
	4GHz, 2.6GHz
	TDD for 4GHz, 2.6GHz
FDD for2GHz. 700MHz
	TDD for 4GHz
FDD for 700MHz

	Format type
	PRACH format 0
PRACH format B4
	PRACH format 0
PRACH format B4
	PRACH format 0
PRACH format B4

	SCS
	30kHz
	30kHz for TDD 
15kHz for FDD
	15kHz

	Number of TxRUs for BS
	4
	4
	4

	Number of UE Tx chains
	1
	1
	1

	Duration of PUSCH
	14 OS
	14 OS
	14 OS

	Occupied channel bandwidth
	12 PRB
	12 PRB
	12 PRB

	Channel Mode
	TDL-C, 300ns 
	TDL-D, 300ns for O2O
TDL-C, 300ns for O2I 
	TDL-D, 30ns

	UE Mobility:
	3 km/h
	120 km/h for outdoor
3 km/h for indoor
	120 km/h

	PRACH BLER
	1% missed detection at 0.1% false alarm probability
	1% missed detection at 0.1% false alarm probability
	1% missed detection at 0.1% false alarm probability


Table 6: simulation assumptions of PDSCH
	Parameters
	Values

	Scenario
	Urban
	Rural
	Rural with long distance

	
	eMBB
	VoIP
	eMBB
	VoIP
	eMBB
	VoIP

	Carrier: 
	4GHz (TDD), 2.6GHz (TDD)
	4GHz (TDD), 2.6GHz (TDD)
2GHz (FDD), 
700MHz (FDD)
	700MHz (FDD), 
4GHz (TDD)

	BWP
	100MHz for 4GHz and 2.6GHz.
	100MHz for 4GHz and 2.6GHz.
20MHz for 2GHz 
20MHz for 700MHz. 
	100MHz for 4GHz.
20MHz for 700MHz.

	SCS
	30kHz 
	30kHz for TDD, 15kHz for FDD.
	30kHz for TDD, 15kHz for FDD.

	Number of antenna elements for BS
	192 antenna elements for 4GHz and 2.6GHz, 
(M,N,P,Mg,Ng) = (12,8,2,1,1)
(optional) 128 antenna elements for 4GHz, 
(M,N,P,Mg,Ng) = (8,8,2,1,1)

	64 antenna elements for 4GHz and 2.6GHz
(M,N,P,Mg,Ng) = (8,4,2,1,1)
32 antenna elements for 2GHz
(M,N,P,Mg,Ng) = (8,2,2,1,1)
16 antenna elements for 700MHz
(M,N,P,Mg,Ng) = (4,2,2,1,1)
	64 antenna elements for 4GHz and 2.6GHz
(M,N,P,Mg,Ng) = (8,4,2,1,1)
32 antenna elements for 2GHz
(M,N,P,Mg,Ng) = (8,2,2,1,1)
16 antenna elements for 700MHz
(M,N,P,Mg,Ng) = (4,2,2,1,1)

	Number of TxRUs for BS
	64TxRUs for 2.6 and 4 GHz. 
	2 or 4 TXRUs for 2GHz, 700 MHz 
64TxRUs for 2.6 and 4 GHz. 
Optional: 32 TXRUs at 2 GHz
	2 or 4 TXRUs for 700 MHz 
64TxRUs for 4 GHz.

	UE receive chains

	4 for 4GHz/2.6GHz

	4 for 4GHz/2.6GHz
4 for 2GHz
2 for 700MHz
	4 for 4GHz;
2 for 700MHz

	length of PDSCH
	12 OS
	12 OS
	12 OS

	Configuration of DMRS
	3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
	3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
	For 120km/h, (Optional: 30km/h): Type I, 2 or 3 DMRS symbol, no multiplexing with data.


	Data rate 
	10Mbps

	[320] bits with 20ms data arriving

	1Mbps
	[320] bits with 20ms data arriving

	1Mbps
	[320] bits with 20ms data arriving


	PRBs/TBS/MCS [TBD]
	full bandwidth
	[320] bits with 20ms data arriving
	full bandwidth
	[320] bits with 20ms data arriving
	full bandwidth
	[320] bits with 20ms data arriving

	Channel Coding
	LDPC
	LDPC
	LDPC

	Channel Model
	TDL-C for NLOS, 
	TDL-C for NLOS, TDL-D for LOS.
	TDL-C for NLOS, TDL-D for LOS.

	DS
	300ns
	300ns
	30ns

	UE velocity:
	3km/h
	3km/h 
	120km/h

	Channel estimation
	True
	True
	True

	Target BLER
	w/o HARQ, 10% iBLER.
	2% rBLER.

	w/o HARQ, 10% iBLER.
	2% rBLER.

	w/o HARQ, 10% iBLER.
	2% rBLER.


	UL DL configuration if TDD is assumed:
	DDDSU (S: 10D:2G:2U) only for 4GHz
DDDSUDDSUU (S: 10D:2G:2U) only for 4GHz 
DDDDDDDSUU (S: 6D:4G:4U) only for 2.6GHz
	DDDSU (S: 10D:2G:2U) only for 4GHz
DDDSUDDSUU (S: 10D:2G:2U) only for 4GHz 
DDDDDDDSUU (S: 6D:4G:4U) only for 2.6GHz
	DDDSU (S: 10D:2G:2U) only for 4GHz
DDDSUDDSUU (S: 10D:2G:2U) only for 4GHz 
DDDDDDDSUU (S: 6D:4G:4U) only for 2.6GHz


Table 7: simulation assumptions of PDCCH
	Parameters
	Values

	Carrier
	2GHz/2.6GHz/4GHz/700MHz

	SCS
	30kHz, 15kHz

	Aggregation level
	16

	Payload
	40 bits + 24CRC bits

	CORESET size
	2 symbols, 48 PRBs

	Tx Diversity
	1-port precoder cycling

	BLER for PDCCH
	1% BLER

	Number of SSB for broadcast PDCCH of Msg.2
	4


Table 7: simulation assumptions of SSB
	Parameters
	Values

	Carrier
	2GHz/2.6GHz/4GHz/700MHz

	Periodicity
	20ms

	SCS
	15KHz, 30KHz 

	BLER for SSB
	1% BLER

	Performance metric
	Combination of 4 SSBs in 80ms.
Note: UE is not assumed to know the SS/PBCH block index



4GHz DDDSU 	PDCCH	SSB	PDSCH with eMBB	PDSCH with VOIP	PRACH format0	PRACH formatB4	PUCCH F1	PF3/11bits/rep1	PF3/11bits/rep2	PF3/22bits/rep1	PF3/22bits/rep2	Msg 3 PUSCH	eMBB PUSCH	VoIP PUSCH w/o rep	VoIP PUSCH w/  repetition	147.4170505009196	150.62916291803566	146.60783640426791	152.71696997069645	131.5	133.47999999999999	125.57	123.62	125.9	121.97	123.86	127.37139793761324	126.07139793761326	122.67139793761322	128.97139793761323	2.6GHz DDDDDDDSUU 	PDCCH	SSB	PDSCH with eMBB	PDSCH with VOIP	PRACH format0	PRACH formatB4	PUCCH F1	PF3/11bits/rep1	PF3/11bits/rep2	PF3/22bits/rep1	PF3/22bits/rep2	Msg 3 PUSCH	eMBB PUSCH	VoIP PUSCH w/o rep	VoIP PUSCH w/  repetition	147.6670505009196	150.52916291803601	146.64783640426788	152.71696997069645	131.47999999999999	133	128.99	124.09	126.22	122.5	124.32999999999998	127.77139793761324	126.17139793761322	122.47139793761323	128.77139793761324	2GHz FDD	PDCCH	SSB	PDSCH with eMBB	PDSCH with VOIP	PRACH format0	PRACH formatB4	PUCCH F1	PF3/11bits/rep1	PF3/11bits/rep2	PF3/22bits/rep1	PF3/22bits/rep2	Msg 3 PUSCH	eMBB PUSCH	VoIP PUSCH w/o rep	VoIP PUSCH w/  repetition	146.75675054427978	149.02886296139584	142.89753644762808	150.80667001405664	131.18	133.34	117.75	119.41	123.4	117.45	119.45	125.16109798097341	125.56109798097344	119.96109798097342	127.16109798097341	700MHz FDD	PDCCH	SSB	PDSCH with eMBB	PDSCH with VOIP	PRACH format0	PRACH formatB4	PUCCH F1	PF3/11bits/rep1	PF3/11bits/rep2	PF3/22bits/rep1	PF3/22bits/rep2	Msg 3 PUSCH	eMBB PUSCH	VoIP PUSCH w/o rep	VoIP PUSCH w/  repetition	136.39615063100018	142.57826304811624	134.31693653434846	144.92607010077703	130.97	133.37	120.85	117.53	119.38	125.48	117.57000000000001	122.55079802433363	122.85079802433361	117.85079802433361	123.85079802433361	4G target ISD 1732m	131.57	131.57	131.57	131.57	131.57	131.57	131.57	131.57	131.57	131.57	131.57	131.57	131.57	131.57	131.57	2.6G target ISD 1732m	127.83	127.83	127.83	127.83	127.83	127.83	127.83	127.83	127.83	127.83	127.83	127.83	127.83	127.83	127.83	2G target ISD 1732m	125.55	125.55	125.55	125.55	125.55	125.55	125.55	125.55	125.55	125.55	125.55	125.55	125.55	125.55	125.55	700M target ISD 1732m	116.43	116.43	116.43	116.43	116.43	116.43	116.43	116.43	116.43	116.43	116.43	116.43	116.43	116.43	116.43	
Rural TDLC  120kmph
4GHz DDDSU 	PDCCH	PRACH format0	PRACH formatB4	PUCCH F1	PF3/11bits/rep1	PF3/11bits/rep2	PF3/22bits/rep1	PF3/22bits/rep2	Msg 3 PUSCH	eMBB PUSCH	VoIP PUSCH w/o rep	VoIP PUSCH w/  repetition	149.64705050091959	146.91999999999999	149.1	140.75	138.80000000000001	142.6	136.9	140.80000000000001	129.39139793761322	128.6913979376132	125.29139793761323	135.29139793761323	2.6GHz DDDDDDDSUU 	PDCCH	PRACH format0	PRACH formatB4	PUCCH F1	PF3/11bits/rep1	PF3/11bits/rep2	PF3/22bits/rep1	PF3/22bits/rep2	Msg 3 PUSCH	eMBB PUSCH	VoIP PUSCH w/o rep	VoIP PUSCH w/  repetition	149.59705050091961	146.36000000000001	148.62	140.55000000000001	138.79	142.04	136.99	140.37	129.39139793761322	128.6913979376132	125.1913979376132	134.89139793761319	2GHz FDD	PDCCH	PRACH format0	PRACH formatB4	PUCCH F1	PF3/11bits/rep1	PF3/11bits/rep2	PF3/22bits/rep1	PF3/22bits/rep2	Msg 3 PUSCH	eMBB PUSCH	VoIP PUSCH w/o rep	VoIP PUSCH w/  repetition	146.71675054427979	146.87	148.94	146.1	147.52000000000001	150.68	145.46	148.78	126.38109798097341	127.88109798097341	122.18109798097339	133.28109798097339	700MHz FDD	PDCCH	PRACH format0	PRACH formatB4	PUCCH F1	PF3/11bits/rep1	PF3/11bits/rep2	PF3/22bits/rep1	PF3/22bits/rep2	Msg 3 PUSCH	eMBB PUSCH	VoIP PUSCH w/o rep	VoIP PUSCH w/  repetition	137.39615063100018	146.18	148.47999999999999	149.1	147.61000000000001	150.53	145.56	148.98000000000002	123.3707980243336	124.7707980243336	118.97079802433359	130.2707980243336	4G target ISD 1732m	131.57	131.57	131.57	131.57	131.57	131.57	131.57	131.57	131.57	131.57	131.57	131.57	2.6G target ISD 1732m	127.83	127.83	127.83	127.83	127.83	127.83	127.83	127.83	127.83	127.83	127.83	127.83	2G target ISD 1732m	125.55	125.55	125.55	125.55	125.55	125.55	125.55	125.55	125.55	125.55	125.55	125.55	700M target ISD 1732m	116.43	116.43	116.43	116.43	116.43	116.43	116.43	116.43	116.43	116.43	116.43	116.43	
Rural TDLD 3kmph
4GHz DDDSU 	PDCCH	PDSCH with eMBB	PDSCH with VOIP	PRACH format0	PRACH formatB4	PUCCH F1	PF3/11bits/rep1	PF3/11bits/rep2	PF3/22bits/rep1	PF3/22bits/rep2	Msg 3 PUSCH	eMBB PUSCH	VoIP PUSCH w/o rep	VoIP PUSCH w/  repetition	149.08705050091962	147.95783640426788	155.28696997069645	135.21	136.85	128.03	126.21	128.22999999999999	124.57	126.51	129.38139793761323	128.88139793761323	126.28139793761321	130.8813979376132	2.6GHz DDDDDDDSUU 	149.55705050091959	147.87783640426787	155.08696997069646	135.22999999999999	137.07	128.99	126.13	128.13	124.53	126.33	129.38139793761323	128.68139793761324	126.08139793761322	130.88139793761323	2GHz FDD	146.75675054427978	143.00753644762807	150.91667001405662	135.07	136.81	128.37	126.54	128.44999999999999	124.85	126.73	126.47109798097341	127.57109798097341	122.97109798097341	129.07109798097341	700MHz FDD	138.51615063100016	135.02693653434844	146.48607010077703	135.31	136.22999999999999	128.32	126.56	128.53	124.89	126.83	123.8607980243336	124.3607980243336	119.76079802433358	125.26079802433358	4G target ISD 1732m	131.57	131.57	131.57	131.57	131.57	131.57	131.57	131.57	131.57	131.57	131.57	131.57	131.57	131.57	2.6G target ISD 1732m	127.83	127.83	127.83	127.83	127.83	127.83	127.83	127.83	127.83	127.83	127.83	127.83	127.83	127.83	2G target ISD 1732m	125.55	125.55	125.55	125.55	125.55	125.55	125.55	125.55	125.55	125.55	125.55	125.55	125.55	125.55	700M target ISD 1732m	116.43	116.43	116.43	116.43	116.43	116.43	116.43	116.43	116.43	116.43	116.43	116.43	116.43	116.43	Rural TDLD 120kmph
4GHz DDDSU 	PDCCH	PRACH format0	PRACH formatB4	PUCCH F1	PF3/11bits/rep1	PF3/11bits/rep2	PF3/22bits/rep1	PF3/22bits/rep2	Msg 3 PUSCH	eMBB PUSCH	VoIP PUSCH w/o rep	VoIP PUSCH w/  repetition	153.37705050091958	153.72	156.19	149.44999999999999	145.77000000000001	147.91999999999999	144.11000000000001	146.31	133.51139793761322	132.81139793761324	130.21139793761324	138.41139793761323	2.6GHz DDDDDDDSUU 	153.14705050091959	153.94	154.36000000000001	148.57	145.77000000000001	148.02000000000001	144.13	146.24	133.51139793761322	132.81139793761324	130.21139793761324	139.01139793761325	2GHz FDD	150.46675054427976	153.74	156.22999999999999	147.91999999999999	145.91999999999999	147.93	144.30000000000001	146.24	130.50109798097341	132.00109798097341	127.20109798097343	136.70109798097343	700MHz FDD	141.80615063100015	154.35	156.33000000000001	147.91999999999999	145.99	148.08000000000001	144.41999999999999	146.55000000000001	127.69079802433362	128.9907980243336	124.19079802433362	133.79079802433361	4G target ISD 1732m	131.57	131.57	131.57	131.57	131.57	131.57	131.57	131.57	131.57	131.57	131.57	131.57	2.6G target ISD 1732m	127.83	127.83	127.83	127.83	127.83	127.83	127.83	127.83	127.83	127.83	127.83	127.83	2G target ISD 1732m	125.55	125.55	125.55	125.55	125.55	125.55	125.55	125.55	125.55	125.55	125.55	125.55	700M target ISD 1732m	116.43	116.43	116.43	116.43	116.43	116.43	116.43	116.43	116.43	116.43	116.43	116.43	Rural long distance
4GHz DDDSU 	PDCCH	SSB	PDSCH with eMBB	PDSCH with VOIP	PRACH format0	PRACH formatB4	PUCCH PF1	PUCCH/PF3/11bits/rep=1	PUCCH/PF3/11bits/rep=2	PUCCH/PF3/22bits/rep=1	PUCCH/PF3/22bits/rep=2	Msg 3 PUSCH	eMBB PUSCH	VoIP PUSCH w/o rep	VoIP PUSCH w/  repetition	153.06705050091961	159.66916291803565	150.6878364042679	160.55726992733628	153.75	156.25	147.87	145.9	147.97	144.25	146.29	133.51139793761322	132.81139793761324	130.21139793761324	138.41139793761323	4GHz DDDSUDDSUU	153.06705050091961	159.66916291803565	150.6878364042679	160.55726992733628	153.75	156.25	147.87	145.9	147.97	144.25	146.29	133.51139793761322	133.61139793761325	130.21139793761324	139.31139793761324	700MHz FDD	141.44	148.0582630481162	146.07	150.61000000000001	154.22	156.12	147.81	145.85	147.97	144.22999999999999	146.26	127.69079802433362	128.9907980243336	124.19079802433362	133.79079802433361	Target ISD 12km @4GHz	164.05	164.05	164.05	164.05	164.05	164.05	164.05	164.05	164.05	164.05	164.05	164.05	164.05	164.05	164.05	Target ISD 12km @700MHz	148.91	148.91	148.91	148.91	148.91	148.91	148.91	148.91	148.91	148.91	148.91	148.91	148.91	148.91	148.91	Target ISD 30km @4GHz	179.42	179.42	179.42	179.42	179.42	179.42	179.42	179.42	179.42	179.42	179.42	179.42	179.42	179.42	179.42	Target ISD 30km @700MHz	164.29	164.29	164.29	164.29	164.29	164.29	164.29	164.29	164.29	164.29	164.29	164.29	164.29	164.29	164.29	Urban
4GHz DDDSU 	PDCCH	SSB 	PDSCH with eMBB	PDSCH with VOIP	PRACH format0	PRACH formatB4	PUCCH PF1	PUCCH PF3/11bits/rep=1	PUCCH PF3/11bits/rep=2	PUCCH PF3/22bits/rep=1	PUCCH PF3/22bits/rep=2	Msg 3 PUSCH	eMBB PUSCH	VoIP PUSCH w/o rep	VoIP PUSCH w/  repetition	134.29947559531283	137.51158801242889	129.49026149866114	139.34939506508971	131.5	133.47999999999999	125.57	123.62	125.9	121.97	123.86	119.04	110.69	114.34	120.84261048481	4GHz DDDSUDDSUU 	134.29947559531283	137.51158801242889	128.49026149866114	139.34939506508971	131.5	133.47999999999999	125.57	123.62	125.9	121.97	123.86	119.04	111.89	114.34	121.54261048481	2.6GHz DDDDDDDSUU 	134.54947559531283	137.41158801242889	129.49026149866114	139.39939506508969	131.47999999999999	133	125.52	124.09	126.22	122.09	123.92	119.34	110.79	114.34	120.54261048481	Target ISD 400m @4GHz	117.97	117.97	117.97	117.97	117.97	117.97	117.97	117.97	117.97	117.97	117.97	117.97	117.97	117.97	117.97	Target ISD 500m @4GHz	121.75	121.75	121.75	121.75	121.75	121.75	121.75	121.75	121.75	121.75	121.75	121.75	121.75	121.75	121.75	Target ISD 400m @2.6GHz	114.22	114.22	114.22	114.22	114.22	114.22	114.22	114.22	114.22	114.22	114.22	114.22	114.22	114.22	114.22	Target ISD 500m @2.6GHz	118.01	118.01	118.01	118.01	118.01	118.01	118.01	118.01	118.01	118.01	118.01	118.01	118.01	118.01	118.01	