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1. Introduction

A study on supporting NR from 52.6GHz to 71GHz in Release 17 was initiated in RAN1#101-e. Extensive discussions have taken place regarding parameters for performance evaluations of the form:

· 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 link-level and system-level simulation results for NR operating at a carrier frequency of 60 GHz [2]. This contribution is a revision of R1-2008771. 
2. Link-level Performance
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. 
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

	
	480

	
	960

	Bandwidth (MHz)
	400 (240 and 480 kHz SCS)

	
	2000 (960 kHz)

	Number of RBs
	128 (240k), 64 (480k)

	
	32 and 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. Several representative simulation curves are given in Annex A – PDSCH FR2 simulation results.
Table 2. PDSCH simulation results summary for 60GHz FR2 for PDSCH BLER target of 10%
	Tdoc /

Source
	MCS
	Channel
	120KHz
/400MHz
	240KHz
/400MHz
	480KHz
/400MHz
	960KHz
/400MHz
	960KHz
/2GHz

	R1-2009157 / Source 15
	7
	TDL-A, 5ns
	4.8
	4.3
	3.6
	2.6
	2.7

	
	
	TDL-A, 10ns
	4.4
	4.0
	3.6
	3.0
	2.4

	
	
	TDL-A, 20ns
	4.0
	3.7
	3.4
	3.1
	2.9

	
	16
	TDL-A, 5ns
	13.3
	12.6
	11.4
	10.7
	10.6

	
	
	TDL-A, 10ns
	13.0
	12.3
	11.4
	10.4
	10.2

	
	
	TDL-A, 20ns
	12.7
	12.1
	11.2
	11.8
	11.4

	
	22
	TDL-A, 5ns
	N/A
	N/A
	19.3
	16.5
	17.5

	
	
	TDL-A, 10ns
	N/A
	N/A
	19.5
	17.1
	17.3

	
	
	TDL-A, 20ns
	N/A
	N/A
	19.8
	27.4
	29.8

	
	Additional report/notes:

1. Realistic CPE compensation and CE, 3% TX EVM

2. PT-RS config K = 2, L = 1


Observation 1: SCS of 120 kHz and 240 kHz are not robust against phase noise and other impairments at higher MCSs, even with ideal CPE removal.
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.

3. System-level Performance

Indoor-C comprises an InH open office box measuring 120m x 50 m, 12 BS per operator, 1 operator, BS height at 3m (ceiling), UE height 1m, BS fixed position, ISD = 20m, as depicted in Annex B. System-level UPT and delay statistics are presented in Table 4, and in Annex B we present RSSI, SINR, and SNR statistics for Indoor-C based on the parameters in Table 3.
Table 3: Indoor-C parameters

	Parameter
	Value

	Deployment scenario
	Indoor-C

	Carrier frequency [GHz]
	60

	SCS [kHz]
	480

	UE placement
	100% indoor

	UE Mobility [km/h]
	3

	Spatial Channel Model
	InH Open office 38.901 for gNB-UE, gNB-gNB, UE-UE

	Bandwidth [MHz]
	400

	gNB-UE minimum distance [m]
	0

	Antenna Configuration
	(Mg,Ng,M,N,P) = (1,1,4,8,1)

with (0.5 dv, 0.5 dH) at gNB
	(Mg,Ng,M,N,P) = (1,1,2,2,1)

with (0.5 dv, 0.5 dH) at UE

	Noise Figure [dB]
	7 at gNB
	10 at UE

	Antenna Element Gain [dBi]
	5 at gNB
	5 at UE

	Antenna Pattern
	per Table A.2.1-7 of TR38.802 for ceiling mount gNB
	per Table A.2.1-8 of TR38.802 for UE. 

	Power limit [dBm] 
	40 at gNB
	23 at UE

	UEs per gNB
	10

	Traffic Model
	DL + UL, high BO

	UE cell association method
	Attach UE to closest gNb.

	gNb Antenna Mount Type
	 Ceiling mount

	Channel access
	No LBT and omni-LBT


Table 4 System level evaluation results for scenario indoor-C

	Tdoc /

Source
	Cases
	Case 1

No-LBT
	 Case 2

Omni-LBT

	R1-2009157 / Source 15
	Traffic load

Metrics              
	Low load
	Medium load
	High load
	Low load
	Medium load
	High load

	
	DL UPT (Mbps)
	5%ile
	12.3
	13.13
	4.9
	12.2
	13.6
	5.0

	
	
	50%ile
	23.4
	21.7
	8.0
	20.1
	21.8
	7.5

	
	
	95%ile
	34.1
	30.1
	12.9
	32.6
	30
	12.9

	
	
	mean
	23.1
	21.7
	8.28
	22.3
	21.8
	8.0

	
	DL delay (ms)
	5%ile
	0.23
	0.25
	0.18
	0.23
	0.25
	0.18

	
	
	50%ile
	0.32
	0.31
	0.2
	0.33
	0.31
	0.2

	
	
	95%ile
	0.44
	0.35
	0.24
	0.44
	0.36
	0.24

	
	
	mean
	0.33
	0.3
	0.2
	0.34
	0.31
	0.2

	
	UL UPT (Mbps)
	5%ile
	6.7
	5.8
	2.8
	6.4
	3.9
	2.8

	
	
	50%ile
	7.3
	6.5
	3.3
	6.8
	7.1
	3.3

	
	
	95%ile
	8.0
	7.4
	5.1
	7.3
	7.4
	5.1

	
	
	mean
	7.3
	6.6
	3.5
	6.9
	6.2
	3.5

	
	UL delay (ms)
	5%ile
	0.25
	0.26
	0.2
	0.25
	0.24
	0.21

	
	
	50%ile
	0.27
	0.26
	0.25
	0.27
	0.27
	0.25

	
	
	95%ile
	0.28
	0.27
	0.28
	0.28
	0.3
	0.28

	
	
	mean
	0.27
	0.26
	0.25
	0.27
	0.27
	0.25

	
	Arrival rate (files/s)
	200 DL/UL
	1250 DL/500 UL
	1400 DL/667 UL
	200 DL/UL
	1250 DL/500 UL
	1400 DL/667 UL

	
	BO(%)
	12
	43
	71.7
	
	
	

	
	Additional report/notes:

1. SCS = 480 kHz, BW = 400 MHz. file size = 0.5 MB

2. LBT Procedures: No-LBT, Omni-LBT with -47 dBm ED

3. All channels (gNB-UE, gNB-gNB, UE-UE) InH-Open office.


Observation 3: Omni-directional LBT with ED threshold of -47 dBm does not provide a measurable performance gain in Scenario Indoor-C.
In Annex B, the RSSI cdf shows that a DL RSSI value -47 dBm or above is encountered with almost zero probability at the UEs. In other words, the strongest DL RSSI perceived by a UE is below -47 dBm.
Observation 4: Based on DL RSSI statistics, LBT with an ED threshold of -47 dBm does not appear to be suitable for scenario indoor-C with a single operator.
4. Conclusions

In this contribution, we examined 60 GHz NR performance at the link and system level. The following observations and proposals were obtained.

Observation 1: SCS of 120 kHz and 240 kHz are not robust against phase noise and other impairments at higher MCSs, even with ideal CPE removal.

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.

Observation 3: Omni-directional LBT with ED threshold of -47 dBm does not provide a measurable performance gain in Scenario Indoor-C.

Observation 4: Based on DL RSSI statistics, LBT with an ED threshold of -47 dBm does not appear to be suitable for scenario indoor-C with a single operator.
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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 – Scenario Indoor-C
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Figure 7.2-1: Layout of indoor office scenarios.





	[image: image8.emf]-80 -75 -70 -65 -60 -55 -50 -45 -40 -35

RSSI [dBm]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Indoor-C



	[image: image9.emf]-20 -10 0 10 20 30 40

SINR [dB]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Indoor-C


	[image: image10.emf]-100 -80 -60 -40 -20 0 20 40

SNR [dB]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Indoor-C



	
	


Figure 3 Indoor scenario layout and simulated performance metrics
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