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[bookmark: _Ref497831218]Introduction
At RAN#86 meeting, a study item was achieved as a new Rel-17 SID on NR coverage enhancement [1]. For FR2, the related objectives are as follows
· The target scenarios and services include
· Indoor scenario (indoor gNB serving indoor UEs), and urban/suburban scenario (including outdoor gNB serving outdoor UEs and outdoor gNB serving indoor UEs) for FR2.
· eMBB service as first priority and VoIP as second priority for FR2.
· LPWA services and scenarios are not included.
· Identify baseline coverage performance for both DL and UL for the above scenarios and services based on link-level simulation
· Both DL and UL channels for FR2.
· Identify the performance target for coverage enhancement, and study the potential solutions for coverage enhancements for the above scenarios and services
· The target channels include at least PUSCH/PUCCH 
· Study enhanced solutions, e.g., time domain/frequency domain/DM-RS enhancement (including DM-RS-less transmissions)
· Study the additional enhanced solutions for FR2 if any
· Evaluate the performance of the potential solutions based on link level simulation.
In this contribution, we provide preliminary thoughts on the baseline per performance and simulation assumptions for FR2. 
Evaluation results
In this section, MPL evaluation results for Urban, Indoor and SubUrban scenarios are provided for FR2. Shadow fading margin and penetration margin are calculated based on channel mode B which is listed in Table 1. The calculation method is the same as the method used for FR1 and IMT-2020 evaluation, which can refer to R1-1808415and R1-1808416.  Target MPL corresponding to target ISD for each scenario is calculated based on channel mode B defined in IMT-2020 evaluation. It is assumed that parameters of Urban scenario are reused for SubUrban scenario.
	Test environment
	State
	Channel Model
	Penetration margin[dB]
	Shadow fading margin for 95% ACR [dB]
	Shadow fading margin for 90% ACR [dB]

	Urban @28GHz
	Indoor- LOS
	Model B
	26.02
	9.04
	5.6

	
	Indoor- NLOS
	Model B
	26.02
	9.04
	5.6

	
	Outdoor (in car)-LOS
	Model B
	9.00 
	6.11
	3.36

	
	Outdoor (in car)
-NLOS
	Model B
	9.00 
	8.03
	4.79

	InH @28GHz
	Indoor- LOS
	Model B
	0.00 
	2.96
	1.69

	
	Indoor- NLOS
	Model B
	0.00 
	8.5
	5.17


· Urban
Target MPL corresponding to target ISD of 400m and 500m are compared. NLOS outdoor-to-outdoor case with 30km/h UE speed and outdoor-to-indoor case with 3km/h UE speed are considered in the evaluation. Required SINR for LLS with both TDL-A and TDL-C channel model are evaluated. Detailed simulation assumptions for Urban scenario are listed in Appendix.
[image: ]Figure 1: Coverage results for Urban scenario with DDDSU configuration
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Figure 2: Coverage results for Urban scenario with DDSU configuration
According to figure 1 and figure 2, coverage gap for cases that can’t satisfy target ISD coverage requirements for Urban scenario are summarized in Table 1.
Table 1: coverage gap for cases that can’t satisfy target ISD coverage requirements for Urban scenario
	Case
	channel
	Gap between target ISD 500m
	Gap between target ISD 200m

	28GHz DDDSU
3km/h, TDL-A
	PUCCH PF3/22bits/rep=1
	-0.81
	

	
	eMBB PUSCH
	-6.35
	-5.00

	
	VoIP PUSCH, w/o rep
	-10.05
	-8.70

	
	Msg3 PUSCH
	-3.85
	-2.50

	28GHz DDDSU
3km/h, TDL-C
	PUCCH PF3/22bits/rep=1
	-1.76
	-0.41

	
	eMBB PUSCH
	-6.95 
	-5.60 

	
	VoIP PUSCH, w/o rep
	-10.25 
	-8.90 

	
	Msg3 PUSCH
	-4.45 
	-3.10 

	28GHz DDSU
3km/h, TDL-A
	PUCCH PF3/22bits/rep=1
	-0.81
	

	
	eMBB PUSCH
	-5.45 
	-4.10 

	
	VoIP PUSCH, w/o rep
	-10.05 
	-8.70 

	
	Msg3 PUSCH
	-3.85 
	-2.50 

	28GHz DDSU
3km/h, TDL-C
	PUCCH PF3/22bits/rep=1
	-1.76 
	-0.41 

	
	eMBB PUSCH
	-5.45 
	-4.10 

	
	VoIP PUSCH, w/o rep
	-10.25 
	-8.90 

	
	Msg3 PUSCH
	-4.45 
	-3.10 



Observation 1: For Urban scenario,
· PDCCH/PDSCH/SSB can meet the coverage requirement. 
· For PUCCH format 1, coverage requirement can be fulfilled. For PUCCH format 3, the performance gap can be compensated by enabling repetition.
· PUSCH can’t meet coverage requirement in many cases and PUSCH coverage is the bottleneck for Urban scenario.
· Indoor
Target MPL corresponding to target ISD of 20m is assumed. NLOS indoor case with 3km/h UE speed is considered in the evaluation. Required SINR for LLS with TDL-A channel model is evaluated. Detailed simulation assumptions for Indoor scenario are listed in Appendix.
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Figure 3: Coverage results for Indoor scenario
According to figure 3, we can have the following observation:
Observation 2: For Indoor scenario, no bottleneck channel is identified. 
· SubUrban
For SubUrban performance evaluation, it is assumed that undefined parameters for SubUrban scenario are the same as Urban Scenario. Target MPL corresponding to target ISD of 400m and 500m are assumed. NLOS outdoor-to-outdoor case with 30km/h UE speed and outdoor-to-indoor case with 3km/h UE speed are considered in the evaluation. Required SINR for LLS with both TDL-A and TDL-C channel model are evaluated. Detailed simulation assumptions for SubUrban scenario are listed in Appendix.
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Figure 4: Coverage results for SubUrban scenario with DDDSU configuration
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Figure 5: Coverage results for SubUrban scenario with DDDSU configuration
According to figure 4 and figure 5, coverage gap for cases that can’t satisfy target ISD coverage requirements for SubUrban scenario are summarized in Table 2.
Table 2: coverage gap for cases that can’t satisfy target ISD coverage requirements for SubUrban scenario
	Case
	channel
	Gap between target ISD 500m
	Gap between target ISD 200m

	28GHz DDDSU
3km/h, TDL-A
	PUCCH PF3/22bits/rep=1
	-1.02
	

	
	VoIP PUSCH, w/o rep
	-10.05 
	-8.70 

	
	Msg3 PUSCH
	-3.85 
	-2.50 

	28GHz DDDSU
3km/h, TDL-C
	PUCCH PF3/22bits/rep=1
	-1.04 
	

	
	eMBB PUSCH
	-0.65 
	

	
	VoIP PUSCH, w/o rep
	-10.25 
	-8.90 

	
	Msg3 PUSCH
	-4.45 
	-3.10 

	28GHz DDSU
3km/h, TDL-A
	PUCCH PF3/22bits/rep=1
	-1.02 
	0.33 

	
	VoIP PUSCH, w/o rep
	-10.05 
	-8.70 

	
	Msg3 PUSCH
	-3.85 
	-2.50 

	28GHz DDSU
3km/h, TDL-C
	PUCCH PF3/22bits/rep=1
	-1.04 
	

	
	eMBB PUSCH
	-0.65 
	

	
	VoIP PUSCH, w/o rep
	-10.25 
	-8.90 

	
	Msg3 PUSCH
	-4.45 
	-3.10 



Observation 3: For SubUrban scenario,
· PDCCH/PDSCH/SSB can meet the coverage requirement. 
· For PUCCH format 1, coverage requirement can be fulfilled. For PUCCH format 3, the performance gap can be compensated by enabling repetition.
· PUSCH can’t meet coverage requirement in many cases and PUSCH coverage is the bottleneck for SubUrban scenario.
With observation 1, 2, 3, we have the following proposal:
Proposal 1: PUSCH coverage enhancement should be studied for FR2.
Conclusion
This contribution discussed the baseline performance and simulation assumptions for FR2, we have following observations:
Observation 1: For Urban scenario,
· PDCCH/PDSCH/SSB can meet the coverage requirement. 
· For PUCCH format 1, coverage requirement can be fulfilled. For PUCCH format 3, the performance gap can be compensated by enabling repetition in some cases.
· PUSCH can’t meet coverage requirement in many cases and PUSCH coverage is the bottleneck for Urban scenario.
Observation 2: For Indoor scenario, no bottleneck channel is identified. 
Observation 3: For SubUrban scenario,
· PDCCH/PDSCH/SSB can meet the coverage requirement. 
· For PUCCH format 1, coverage requirement can be fulfilled. For PUCCH format 3, the performance gap can be compensated by enabling repetition in some cases..
· PUSCH can’t meet coverage requirement in many cases and PUSCH coverage is the bottleneck for SubUrban scenario.
With observation 1, 2, 3, we have the following proposal:
[bookmark: _GoBack]Proposal 1: PUSCH coverage enhancement should be studied for FR2.
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Appendix: LLS assumptions 
Table 3: LLS assumptions for PUSCH
	Parameters
	Values

	Scenario
	Indoor
	Urban 
	Suburban

	Carrier
	28GHz
	28GHz
	28GHz

	Duplex configuration
	TDD config 1: DDDSU (S: 10D:2G:2U)
TDD confg 2: DDSU (S: 11D:3G:0U)
	TDD config 1: DDDSU (S: 10D:2G:2U)
TDD confg 2: DDSU (S: 11D:3G:0U)
	TDD config 1: DDDSU (S: 10D:2G:2U)
TDD confg 2: DDSU (S: 11D:3G:0U)

	SCS
	120KHz
	120KHz
	120KHz

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

	256, (M,N,P,Mg,Ng) = (4, 8, 2, 2, 2)

	256, (M,N,P,Mg,Ng) = (4, 8, 2, 2, 2)


	Number of TxRUs for BS
	2
	2
	2

	Number of antenna elements for UE
	8, one panel:(M, N, P) = (2,2,2)
	8, one panel:(M, N, P) = (2,2,2)
	8, one panel:(M, N, P) = (2,2,2)

	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 
30km/h: 2 OS 
For Msg 3: 3 OS
	For eMBB/VoIP:
3km/h: 1 OS 
30km/h: 2 OS 
For Msg 3: 3 OS

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

	Modulation
	QPSK
	QPSK
	QPSK

	Coding Rate
	TDD config 1:
eMBB: CR=379/1024;
VoIP: CR=308/1024;
Msg3: CR=120/1024;

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

	TDD config 1:
3km/h:
eMBB: CR=379/1024;
VoIP: CR=308/1024;
Msg3: CR=120/1024;
30km/h:
eMBB: CR=379/1024;
VoIP: CR=308/1024;
Msg3: CR=120/1024;

TDD config 2:
3km/h:
eMBB: CR=308/1024;
VoIP: CR=308/1024;
Msg3: CR=120/1024;
30km/h:
eMBB: CR=308/1024;
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-A, 100ns
	TDL-A, 100ns
TDL-C, 100ns
	TDL-A, 100ns
TDL-C, 100ns

	UE Mobility:
	3km/h
	3km/h for indoor, 30km/h for outdoor
	3km/h for indoor, 30km/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
	w/o repetition
	w/o repetition

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



Table 4: LLS assumptions for PUCCH
	Parameters
	Values

	Scenario
	Indoor
	Urban 
	Suburban

	Carrier
	28GHz
	28GHz
	28GHz

	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

	SCS
	120KHz
	120KHz
	120KHz

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

	256, (M,N,P,Mg,Ng) = (4, 8, 2, 2, 2)

	256, (M,N,P,Mg,Ng) = (4, 8, 2, 2, 2)


	Number of TxRUs for BS
	2
	2
	2

	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-A, 30ns
	TDL-A, 100ns
TDL-C, 100ns
	TDL-A, 30ns
TDL-C, 30ns

	UE Mobility:
	3km/h
	3km/h for indoor,
30km/h for outdoor
	3km/h for indoor,
30km/h for outdoor

	Channel estimation
	True
	True
	True

	PUCCH repetition
	1/2
	1/2
	1/2

	Frequency hopping
	On
	On
	On



Table 5: LLS assumptions for PDSCH
	Parameters
	Values

	Scenario
	Indoor 
	Urban
	Suburban

	Carrier: 
	28GHz
	28GHz
	28GHz

	BWP
	100MHz
	100MHz
	100MHz

	SCS
	120KHz
	120KHz
	120KHz

	Number of antenna elements for BS
	128
(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1)

	256, (M,N,P,Mg,Ng) = (4, 8, 2, 2, 2)
Optional: 512, (M,N,P,Mg,Ng) = (8,8,2,2,2)
	256, (M,N,P,Mg,Ng) = (4, 8, 2, 2, 2)
Optional: 512, (M,N,P,Mg,Ng) = (8,8,2,2,2)

	Number of TxRUs for BS
	2.
	2
	2

	[bookmark: OLE_LINK12][bookmark: OLE_LINK13]UE receive chains 
	2T2R

	2T2R
	2T2R

	length of PDCCH
	12 OS
	12 OS
	12 OS

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

	Data rate 
	25Mbps for eMBB
[320] bits with 20ms data arriving for VOIP

	25Mbps for eMBB
[320] bits with 20ms data arriving for VOIP

	1Mbps for eMBB
[320] bits with 20ms data arriving for VOIP


	PRBs/TBS/MCS 
	full bandwidth for eMBB
[320] bits with 20ms data arriving  for VOIP
	full bandwidth for eMBB
[320] bits with 20ms data arriving  for VOIP 
	full bandwidth for eMBB
[320] bits with 20ms data arriving  for VOIP

	Channel Coding
	LDPC
	LDPC
	LDPC
LDPC

	Channel Model
	TDL-A, 
	TDL- A, TDL-A
	TDL- A, TDL-C

	DS
	30ns
	100ns
	100ns
100ns

	UE velocity:
	3km/h
	3km/h for indoor, 30km/h, for outdoor.
	3km/h for indoor, 30km/h, for outdoor.

	Channel estimation
	True
	True
	True

	Target BLER
	10% BLER for eMBB
2% BLER for VOIP
	10% BLER for eMBB
2% BLER for VOIP
	10% BLER for eMBB
2% BLER for VOIP

	UL DL configuration if TDD is assumed:
	DDDSU (S: 10D:2G:2U)
DDSU (S: 11D:3G:0U)

	DDDSU (S: 10D:2G:2U)
DDSU (S: 11D:3G:0U)

	DDDSU (S: 10D:2G:2U)
DDSU (S: 11D:3G:0U)




Table 6: LLS assumptions for PDCCH
	Parameters
	Values

	Carrier
	28GHz

	SCS
	120kHz

	UE speed
	3kmph, 30kmph

	Channel model
	TDL-A, TDL-C

	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: LLS assumptions for SSB
	Parameters
	Values

	Carrier
	28GHz

	Periodicity
	20ms

	SCS
	120KHz 

	UE speed
	3kmph, 30kmph

	Channel model
	TDL-A, TDL-C

	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
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