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In NR coverage enhancement SID, the following objectives have been identified [1]:
· The target scenarios and services include
· Urban (outdoor gNB serving indoor UEs) scenario, and rural scenario (including extreme long distance rural scenario) for FR1
· 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.
· TDD and FDD for FR1.
· VoIP and eMBB service for FR1.
· 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
· UL channels (including PUSCH and PUCCH) are prioritized for FR1.
· 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 the contribution, we discuss link level simulation assumption for NR coverage enhancement in FR1 and FR2. Our view on baseline coverage performance for FR1 and FR2 is described in our companion contributions [2] and [3], respectively.
Simulation assumption for coverage enhancement in FR1
Table 1 summarizes link level simulation assumption for NR coverage enhancement in FR1 for various DL and UL physical channels, including PDSCH/PDCCH/PBCH and PUSCH/PUCCH/PRACH. In the Table, it is assumed
· 700MHz carrier frequency with 15kHz subcarrier spacing for rural scenario;
· 4GHz carrier frequency with 30kHz subcarrier spacing for urban scenario.
Further, in the simulation assumption, MCS and the number of PRBs and symbols are selected for PDSCH and PUSCH transmission in order to meet the target throughout for rural and urban scenarios, respectively, as identified in the NR coverage enhancement SID [1]:
· Urban scenario: DL 10Mbps, UL 1Mbps
· Rural scenario: DL 1Mbps, UL 100kbps
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	Parameters
	Values

	Carrier frequency
	700MHz (Rural), 4GHz (Urban)

	Bandwidth
	10MHz (Rural), 20MHz (Urban)

	Subcarrier spacing
	15kHz (Rural), 30kHz (Urban)

	UE antenna configuration
	· DL: 2 Rx
· UL: 1 Tx

	gNB antenna configuration
	· DL: 2 Tx
· UL: 2 Rx 

	Channel and UE velocity
	TDL-A, 30ns, 3km/h

	PDSCH related parameters
	· Rural scenario
· TBS = 1032, MCS = 4, 14 PRBs, 12 symbols
· Urban scenario
· TBS = 5120, MCS = 10, 32 PRBs, 12 symbols
· 2 DMRS symbols (4th and 10th symbol)
· Max number of HARQ transmission = 1

	PDCCH related parameters
	· DCI size = 40 bits
· Aggregation level = 4
· CORESET size in time = 2 symbols
· CORESET size in frequency = 48 PRBs

	PBCH related parameters
	4 accumulations

	PUSCH related parameters
	· Rural scenario
· TBS = 176, MCS = 4, 2 PRBs, 14 symbols
· Urban scenario
· TBS = 528, MCS = 4, 6 PRBs, 14 symbols
· DFT-s-OFDM waveform
· 2 DMRS symbols (4th and 10th symbol)
· Intra-slot frequency hopping is enabled
· Max number of HARQ transmission = 1

	PUCCH related parameters
	· PUCCH format 1
· UCI size = 1 bit 
· 1 PRB, 14 symbols
· Intra-slot frequency hopping is enabled
· PUCCH format 3
· UCI size = 50 bits 
· 1 PRB, 14 symbols
· Intra-slot frequency hopping is enabled 

	PRACH related parameters
	· PRACH format 0
· 0.1% false alarm target

	Timing and frequency offset
	0 as starting point
Residual frequency offset: 0.1ppm
Residual timing offset: 
· Rural (15kHz SCS): 1/12 CP = 0.4us.
· Urban (30kHz SCS): 1/10 CP = 0.26us

	Receiver
	MMSE-IRC 

	Channel estimation
	MMSE

	Performance metrics
	· 10% BLER for PDSCH and PUSCH
· 1% BLER for PDCCH, PBCH and PUCCH format 3
· 1% ACK to NACK miss-detection rate with DTX detection for PUCCH format 1
· 1% miss-detection probability for PRACH



Simulation assumption for coverage enhancement in FR2
Table 2 summarizes link level simulation assumption for NR coverage enhancement in FR2 for various DL and UL physical channels, including PDSCH/PDCCH/PBCH and PUSCH/PUCCH/PRACH. In the Table, it is assumed 28GHz carrier frequency with 60kHz subcarrier spacing for FR2. 
Note that in the simulation assumption, MCS and the number of PRBs and symbols are selected for PDSCH and PUSCH transmission in order to meet the target throughput for indoor, urban and suburban scenarios, respectively, as identified in the NR coverage enhancement SID [1]:
· Indoor scenario: DL 25Mbps, UL 5Mbps
· Urban scenario: DL [25Mbps], UL [5Mbps]
· Suburban scenario: DL [1Mbps], UL [50kbps]

[bookmark: _Ref39478415]Table 2. Link level simulation assumption for NR coverage enhancement in FR2
	Parameters
	Values

	Carrier frequency
	28GHz

	Bandwidth
	100MHz

	Subcarrier spacing
	60kHz

	UE antenna configuration
	· DL: 2 Rx
· UL: 1 Tx

	gNB antenna configuration
	· DL: 2 Tx
· UL: 2 Rx 

	Channel and UE velocity
	TDL-A, 10ns, 3km/h

	PDSCH related parameters
	· Urban/Indoor scenario
· TBS = 6400, MCS = 10, 40 PRBs, 12 symbols
· Suburban scenario
· TBS = 304, MCS = 4, 4 PRBs, 12 symbols
· 2 DMRS symbols (4th and 10th symbol)
· Max number of HARQ transmission = 1

	PDCCH related parameters
	· DCI size = 40 bits
· Aggregation level = 4
· CORESET size in time = 2 symbols
· CORESET size in frequency = 96 PRBs

	PBCH related parameters
	4 accumulations

	PUSCH related parameters
	· Urban/Indoor scenario
· TBS = 1320, MCS = 4, 15 PRBs, 14 symbols
· Suburban scenario
· TBS = 32, MCS = 0 (pi/2 BPSK), 1 PRB, 14 symbols
· DFT-s-OFDM waveform
· 2 DMRS symbols (4th and 10th symbol)
· Intra-slot frequency hopping is enabled
· Max number of HARQ transmission = 1

	PUCCH related parameters
	· PUCCH format 1
· UCI size = 1 bit 
· 1 PRB, 14 symbols
· Intra-slot frequency hopping is enabled
· PUCCH format 3
· UCI size = 50 bits 
· 1 PRB, 14 symbols
· Intra-slot frequency hopping is enabled 

	PRACH related parameters
	· PRACH format B4
· 0.1% false alarm target

	Timing and frequency offset
	0 as starting point
Residual frequency offset: 0.1ppm
Residual timing offset: 1/10 CP = 0.11us.

	Receiver
	MMSE-IRC 

	Channel estimation
	MMSE

	Performance metrics
	· 10% BLER for PDSCH and PUSCH
· 1% BLER for PDCCH, PBCH and PUCCH format 3
· 1% ACK to NACK miss-detection rate with DTX detection for PUCCH format 1
· 1% miss-detection probability for PRACH



[bookmark: _GoBack]Based on the discussion above, it is suggested to consider Table 1 and Table 2 as a starting point of discussion for link level simulation assumptions in FR1 and FR2 for NR coverage enhancement. 
Proposal 1
· Consider Table 1 and Table 2 as a starting point of discussion for link level simulation assumptions in FR1 and FR2 for NR coverage enhancement.

Conclusions
In this contribution, we discussed the link level simulation assumption for NR coverage enhancement in FR1 and FR2. Further, we summarize the proposals as follows:
Proposal 1
· Consider Table 1 and Table 2 as a starting point of discussion for link level simulation assumptions in FR1 and FR2 for NR coverage enhancement.
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