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1. Introduction

A study on supporting NR from 52.6GHz to 71GHz in Release 17 is defined and approved in [1]. Its objectives include:

· Study of required changes to NR using existing DL/UL NR waveform to support operation between 52.6 GHz and 71 GHz

· Study of applicable numerology including subcarrier spacing, channel BW (including maximum BW), and their impact to FR2 physical layer design to support system functionality considering practical RF impairments [RAN1, RAN4].

In this paper, we examine 60 GHz PDSCH and PUSCH performance assuming an NR subcarrier spacing of 240 and 960 kHz and the evaluation assumptions agreed in [2]. 
2. NR Coverage with New Numerology
The choice of applicable numerology needs to account for the wider channel bandwidths in the 60 GHz regime as well as the necessity of combating impairments such as phase noise. Existing 60 GHz access technologies such as IEEE 802.11ad and IEEE 802.11ay have a channelization of 2.16 GHz, and 802.11ay supports an OFDM SCS of 5.16 MHz. A similar channel BW of approximately 2 GHz can be achieved in NR with a FFT size of 4096 and SCS 480 kHz, FFT size of 2048 and SCS 960 kHz, or FFT size of 1024 and SCS 1920 kHz. An SCS of 960 kHz represents a middle ground between FFT size and other considerations such as coherence bandwidth and delay spread robustness. The remainder of this section evaluates 240 kHz and 960 kHz SCS performance for NR PDSCH and PUSCH.  

2.1 PDSCH
In this section we provide our PDSCH simulation results for 60GHz (FR2) scenarios. In Table 1, the PDSCH simulation parameters are provided.
Table 1. PDSCH simulation parameters
	
	PDSCH

	Carrier freq (GHz)
	60

	SCS (kHz)
	240

	
	960

	Bandwidth (MHz)
	400 (240k SCS)

	
	2000

	Number of RBs
	128

	
	160 (960k)

	CP Type
	Normal

	MCS
	7, 16, 22

	HARQ
	Not enabled

	DMRS config
	1 symbol (front-loaded)

	PT-RS config
	K = 2, L = 1

	PA model
	Pre-loaded Tx EVM of 3% (additive noise)

	UE PN model
	TR38.803 example 2 UE PN profile

	gNB PN model
	TR38.803 example 2 BS PN profile

	Channel model
	TDL-A

	Delay spread (ns)
	5

	I-Q imbalance
	None

	Antenna config
	2x2

	Frequency offset
	0.1ppm

	Mobility
	3 km/hr

	Channel estimation
	Realistic

	Rank
	1

	PN mitigation
	CPE compensation only


The summary of the simulation results is provided in Table 2. The simulation curves are given in Annex A – PDSCH FR2 simulation results.
Table 3 provides the link budget analysis.
Table 2. PDSCH simulation results summary for 60GHz FR2

	Case
	MCS
	SCS [kHz]
	SNR for BLER @ 10% [dB]

	
	
	
	PN
	PN + CPE comp
	PN + ideal CPE comp

	1
	7
	240
	4.4
	4.4
	4.1

	2
	7
	960
	2.9
	2.6
	2.3

	3
	16
	240
	15.7
	12.0
	12.1

	4
	16
	960
	-
	10.5
	10.3

	5
	22
	240
	-
	-
	-

	6
	22
	960
	-
	17.1
	16.8


Table 3. PDSCH link budget analysis for 60GHz FR2 
	PDSCH (MCS=7)
	PN+CPE comp

	System
	 

	SCS (kHz)
	960

	Carrier frequency (GHz)
	60.0

	(0) Occupied Signal BW (MHz)
	1843.2

	Subcarriers incl. RS
	1920

	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)
	-81.3

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

	(9) Receiver noise
	 

	         = (7) + (8) (dBm)
	-72.3

	(10) Required SNR (dB)
	2.6

	(11) Receiver sensitivity
	 

	         = (9) + (10) (dBm)
	-69.7

	(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)
	107.7

	(21) MCL
	 

	        = (2) - (11) - (12) (dB)
	105.7


Observation 1: SCS = 240 kHz is not robust against phase noise and other impairments at higher MCSs.
Observation 2: SCS=960kHz is necessary to support NR PDSCH high data throughput in FR2 60GHz.
Proposal 1: SCS of 960 kHz is included in the numerology set for PDSCH.

2.2 PUSCH
In this section we provide our CP-OFDM PUSCH simulation results for 60GHz (FR2) scenarios. Simulation parameters are similar to PDSCH (see Table 1).

The summary of the simulation results is provided in Table 4. The simulation curves are given in Annex B – PUSCH FR2 simulation results.
Table 5 provides the link budget analysis.
Table 4. PUSCH simulation results summary for 60GHz FR2

	Case
	MCS
	SCS [kHz]
	SNR for BLER @ 10% [dB]

	
	
	
	PN
	PN + CPE
	PN + ideal CPE

	1
	7
	240
	4.9
	4.8
	4.8

	2
	7
	960
	4.2
	3.9
	3.5

	3
	16
	240
	16.4
	12.6
	12.3

	4
	16
	960
	-
	12.0
	11.7

	5
	22
	240
	-
	-
	-

	6
	22
	960
	-
	18.7
	18.3


Table 5. PUSCH link budget analysis for 60GHz FR2 
	PUSCH (MCS=7)
	PN+CPE comp

	System
	 

	SCS (kHz)
	960

	Carrier frequency (GHz)
	60.0

	(0) Occupied Signal BW (MHz)
	1843.2

	Subcarriers incl. RS
	1920

	Transmitter
	 

	(1) Tx power (dBm, PA power)
	23.0

	(2) Power in Channel Bandwidth (dBm)
	23.0

	(3) Cable loss (dB)
	0.0

	(4) Body loss (dB)
	3.0

	(5) Tx antenna gain (dBi)
	0.0

	(6) EIRP (Eff. Isotropic Radiated Power)
	 

	        = (2) - (3) - (4) + (5) (dBm)
	20.0

	Receiver
	 

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

	(7) Thermal noise
	 

	        = (7a) + 10log10(0)
	-81.3

	(8) RX noise figure (dB, LNA dependent)
	6.0

	(9) Receiver noise
	 

	         = (7) + (8) (dBm)
	-75.3

	(10) Required SNR (dB)
	3.9

	(11) Receiver sensitivity
	 

	         = (9) + (10) (dBm)
	-71.4

	(12) Interference margin (dB)
	0.0

	(13) RX antenna gain (dBi)
	5.0

	(14) Body loss (dB)
	NA

	(15) Cable loss (dB)
	NA

	 
	 

	(20) MPL
	 

	        = (6) - (11) - (12) + (13) - (14) - (15) (dB)
	96.4

	(21) MCL
	 

	        = (2) - (11) - (12) (dB)
	94.4


Observation 3: SCS=960kHz can support NR PUSCH high data throughput in FR2 60GHz.
Proposal 2: SCS of 960 kHz is included in the numerology set for PUSCH.

3. Conclusions

In this contribution we examined 60 GHz PDSCH and PUSCH performance assuming NR subcarrier spacings of 240 and 960 kHz. The following observations and proposals were obtained.

Observation 1: SCS = 240 kHz is not robust against phase noise and other impairments at higher MCSs.

Observation 2: SCS=960 kHz can support NR PDSCH high data throughput in FR2 60GHz.
Proposal 1: SCS of 960 kHz is included in the numerology set for PDSCH.

Observation 3: SCS=960 kHz can support NR PUSCH high data throughput in FR2 60GHz.
Proposal 2: SCS of 960 kHz is included in the numerology set for PUSCH.
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Annex A – PDSCH FR2 simulation results
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Figure 1: NR PDSCH, MCS 7, 16, 22 under SCS of 240kHz, 960kHz.
Annex B – PUSCH FR2 simulation results
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Figure 2: NR PUSCH, MCS 7, 16, 22 under SCS of 240kHz, 960kHz.
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