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Background
SID for coverage enhancement in RP193240 [1] is approved at RAN#86. 
Coverage evaluation
As described in [1], one of the targets for NR coverage enhancement is the fact that NR even in FR1 will be deployed in higher frequency than LTE (e.g., 3.5 GHz). Since it is expected that NR deployed in 3.5 GHz may serve eMBB services as well as voice and low-rate data services, ensuring certain level of data rate is required (e.g., 10 Mbps for DL, 1 Mbps for UL, in Urban scenario). Thus, supported functionalities should be carefully determined based on evaluating each scenario and candidate solutions to identify the functionalities with minimum specification impact and quality of services. 
In the following section, we provide a preliminary evaluation for coverage estimation targeting FR1 Urban scenario, based on the link budget analysis.
Evaluation assumption
[bookmark: _GoBack]Table 1 shows a preliminary evaluation assumption for coverage estimation. Most of them are inherited from the self-evaluation for link budget analysis [2], with change on the target data rate as indicated by [1]. Additionally, some MIMO parameters are refined considering realistic deployment scenario (e.g. reduced number of antenna elements and antenna ports). Table 2-1 to 2-5 shows additional parameters for link level simulation. Full parameters for the link budget analysis can be found in the attached spread sheet.
Table 1: Initial evaluation assumption for coverage estimation
	Carrier frequency
	4 GHz

	Subcarrier spacing
	30 kHz

	BS antenna height
	25 m

	UE antenna height
	1.5 m

	coverage reliability for control channel
	95%

	coverage reliability for data channel
	90%

	shadow fading standard deviation
	7 dB

	Pathloss model
	NLOS O-to-I

	Penetration margin
	26.25 dB

	Target data rate for PDCCH
	128000 bps

	Target data rate for PUCCH
	4000 bps

	Target data rate for PDSCH
	10 Mbps for Urban scenario [1]

	Target data rate for PUSCH
	1 Mbps for Urban scenario [1]

	Target error rate for control channel
	0.01

	Target error rate for data channel
	0.1

	Number of transmit antennas
	4 for DL, 2 for UL

	Number of antenna ports
	1

	Transmission power
	44 dBm for DL, 23 dBm for UL

	Transmitter antenna gain
	8 dBi for DL, 0 dBi for UL

	Transmitter array gain
	6.02 dB for DL, 3.01 dB for UL

	Cable, connector, body losses
	3 dB for DL, 1 DB for UL

	Number of receive antennas
	4 for DL, 4 for UL

	Receiver noise figure
	7 dB for DL, 5 dB for UL

	Thermal noise density
	-174 dB

	Receiver interference density
	-169.30 dBm/Hz

	Occupied channel bandwidth
	48 RBs for PDCCH, 51 PRBs for PDSCH, 1 PRB for PUCCH, 4 PRBs for PUSCH

	Receiver implementation margin
	2 dB

	HARQ gain for control channel
	0 dB

	HARQ gain for data channel
	0.5 dB



Table 2-1: Initial link level simulation assumption for all channels
	Channel estimation
	2D-MMSE

	Receiver
	MMSE

	Channel model
	[CDL-A]



Table 2-2: Initial link level simulation assumption for PDCCH
	Number of OFDM symbols
	2 OFDM symbols

	Aggregation level
	16

	DCI size
	64 bits including CRC

	Channel coding
	polar code



Table 2-3: Initial link level simulation assumption for PUCCH
	PUCCH format
	PUCCH format 1

	Number of OFDM symbols
	14 OFDM symbols

	UCI size
	2 bits



Table 2-4: Initial link level simulation assumption for PDSCH
	Number of OFDM symbols
	12 OFDM symbols

	MCS index
	MCS 7 in Table 5.1.3.1-1 in [3]



Table 2-5: Initial link level simulation assumption for PUSCH
	Number of OFDM symbols
	14 OFDM symbols

	MCS index
	MCS 8 in Table 5.1.3.1-1 in [3]



Evaluation results
Table 3 shows the maximum range for each channel for Model A and Model B. 
Table 4: Link budget analysis results for each channel
	
	Model A
	Model B

	PDCCH
	[240.74] m
	[392.34] m

	PUCCH
	[101.35] m
	[165.15] m

	PDSCH
	[136.99] m
	[223.25] m

	PUSCH
	[42.34] m
	[68.99] m



As shown above, the PUSCH has the smallest coverage and the PDCCH has the largest coverage among the 4 channels. Considering the PCell, or PSCell operation with NR, the coverage for the PUSCH should be enhanced to support the same coverage for the PDSCH. In addition, we see that the coverage range for the PDCCH should be enhanced for a ubiquitous coverage.
Proposal 1: The coverage for the PUSCH should be enhanced to support at least the same coverage as the PDSCH.
Proposal 2: PDCCH, PDSCH and PUCCH should be further studied for enhancement to support a ubiquitous coverage.
Conclusion
In this contribution, we have the following proposals:
Proposal 1: The coverage for the PUSCH should be enhanced to support the same coverage for the PDCCH.
Proposal 2: PDCCH, PDSCH and PUCCH should be further studied for enhancement to support a ubiquitous coverage.
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