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1. Introduction

A study on NR coverage enhancement in Release 17 has been initiated [1]. The objectives include:
· 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.

In this paper, we provide our initial simulation results for NR FR1 DL coverage based on PSS/SSS detection and PDSCH performance.

2. Simulation results for FR1 FDD
In this section we provide our initial simulation results for FR1 scenarios. In Table 1 we provide the list of the paper’s test cases, where the following assumptions were made:
1. PDSCH configuration

a. Mapping type A (start symbol 1, duration – 13 symbols)

b. FDM with DMRS

c. HARQ not enabled

2. DMRS configuration: Type 1, 1 symbol FL DMRS
3. RX Phase noise model: Example 1 from TR 38.803 [2]
4. No Phase Noise compensation
The summary of the simulation results is provided in Table 2. The simulation curves are given in Annex A – PDSCH FR1 simulation results.
The link budget analysis is given in Table 3.

Table 1. List of scenarios for FR1 (4GHz)

	Case
	CHBW/ SCS
	MIMO
	MCS
	Layers
	Channel Model

	1
	20MHz / 30kHz
	2Tx 2Rx ULA Low
	64QAM / MCS 19
	1
	TDL-A 100ns, 11Hz


Table 2. Simulation results summary for FR1 (4GHz)
	Case Number
	MIMO
	Receiver type
	BLER @ 10%

	1
	2Tx 2Rx
	MMSE
	10.7 dB


Table 3. PDSCH link budget analysis for FR1 (4GHz)
	 
	PDSCH

	System
	 

	SCS (kHz)
	30.0

	Carrier frequency (GHz)
	4.0

	(0) Occupied Signal BW (Hz)
	18360000.0

	Subcarriers incl. RS
	612.0

	Transmitter
	 

	(1) Tx power (dBm, PA power)
	36.0

	(2) Power in Channel Bandwidth (dBm)
	36.0

	(3) Cable loss (dB)
	0.0

	(4) Body loss (dB)
	NA

	(5) Tx antenna gain (dBi)
	5.0

	(6) EIRP (Eff. Isotropic Radiated Power)
	 

	        = (2) - (3) - (4) + (5) (dBm)
	41.0

	Receiver
	 

	(7a) Thermal noise density (dBm/Hz, const)
	-174.0

	(7) Thermal noise
	 

	        = (7a) + 10log10(0)
	-101.4

	(8) RX noise figure (dB, LNA dependent)
	9.0

	(9) Receiver noise
	 

	         = (7) + (8) (dBm)
	-92.4

	(10) Required SNR (dB)
	10.7

	(11) Receiver sensitivity
	 

	         = (9) + (10) (dBm)
	-81.7

	(12) Interference margin (dB)
	0.0

	(13) RX antenna gain (dBi)
	0.0

	(14) Body loss (dB)
	3.0

	(15) Cable loss (dB)
	NA

	 
	 

	(20) MPL
	 

	        = (6) - (11) - (12) + (13) - (14) - (15) (dB)
	119.7

	(21) MCL
	 

	        = (2) - (11) - (12) (dB)
	117.7


3. PSS/SSS detection simulation results for FR1 FDD
In this section we provide our PSS/SSS initial detection simulation results for FR1 scenarios. In Table 4 we provide the list of the paper’s test cases, where the following assumptions were made:
1. RX Phase noise model: Example 1 from TR 38.803 [2]
The summary of the simulation results is provided in Table 5. The simulation curves are given in Annex B – PSS/SSS FR1 detection simulation results.
The link budget analysis is given in Table 6.
Table 4. List of scenarios for PSS/SSS detection in FR1 (4GHz)

	Case
	CHBW/ SCS
	MIMO
	Channel Model

	1
	20MHz / 30kHz
	1Tx 2Rx ULA Low
	TDL-A 100ns, 11Hz


Table 5. Simulation results summary for PSS/SSS detection in FR1 (4GHz)
	Case
	MIMO
	Receiver type
	Joint detection probability @ 90%

	1
	1Tx 2Rx
	x-corr receiver w/ threshold
	-3.1 dB


Table 6. PSS/SSS link budget analysis for FR1 (4GHz)

	 
	PSS/SSS

	System
	 

	SCS (kHz)
	30.0

	Carrier frequency (GHz)
	4.0

	(0) Occupied Signal BW (Hz)
	3810000.0

	Subcarriers incl. RS
	127.0

	Transmitter
	 

	(1) Tx power (dBm, PA power)
	36.0

	(2) Power in Channel Bandwidth (dBm)
	36.0

	(3) Cable loss (dB)
	0.0

	(4) Body loss (dB)
	NA

	(5) Tx antenna gain (dBi)
	5.0

	(6) EIRP (Eff. Isotropic Radiated Power)
	 

	        = (2) - (3) - (4) + (5) (dBm)
	41.0

	Receiver
	 

	(7a) Thermal noise density (dBm/Hz, const)
	-174.0

	(7) Thermal noise
	 

	        = (7a) + 10log10(0)
	-108.2

	(8) RX noise figure (dB, LNA dependent)
	9.0

	(9) Receiver noise
	 

	         = (7) + (8) (dBm)
	-99.2

	(10) Required SNR (dB)
	-3.1

	(11) Receiver sensitivity
	 

	         = (9) + (10) (dBm)
	-102.3

	(12) Interference margin (dB)
	0.0

	(13) RX antenna gain (dBi)
	0.0

	(14) Body loss (dB)
	3.0

	(15) Cable loss (dB)
	NA

	 
	 

	(20) MPL
	 

	        = (6) - (11) - (12) + (13) - (14) - (15) (dB)
	140.3

	(21) MCL
	 

	        = (2) - (11) - (12) (dB)
	138.3


Observation 1: PSS+SSS detection is more robust than PDSCH coverage based on the MPL values, for scs=30kHz.
4. Conclusions

In this contribution our initial PDSCH and PSS/SSS detection simulation results for FR1 (4GHz) scenarios were provided. Following observation was made:
Observation 1: PSS+SSS detection is more robust than PDSCH coverage based on the MPL values, for scs=30kHz.
References
[1] RP-193240, New SID on NR coverage enhancement, Dec. 2019.
Annex A – PDSCH FR1 simulation results
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Figure 1: Practical channel estimation.

Annex B – PSS/SSS FR1 detection simulation results
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Figure 2: Receiver window 5ms.
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