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1. Introduction

A new study on supporting NR from 52.6GHz to 71GHz in Release 17 was 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 DL coverage based on initial simulation results for NR PDSCH and PSS/SSS performance assuming a new NR subcarrier spacing of 960 kHz. We also discuss other enhancements for the UL waveform.
2. DL 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. A 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 960 kHz SCS performance for NR PDSCH and PSS/SSS.  
2.1 PDSCH
In this section we provide our PDSCH initial simulation results for 60GHz 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 simulation results.
The link budget analysis is given in Table 3.
Table 1. List of PDSCH scenarios for 60GHz FR2

	Case
	CHBW/ SCS
	MIMO
	MCS
	Layers
	Channel Model
	Phase Noise

	1
	400MHz / 960kHz
	2Tx 2Rx ULA Low
	64QAM / MCS 19
	1
	TDL-A 5ns, 167Hz
	No

	2
	400MHz / 960kHz
	2Tx 2Rx ULA Low
	64QAM / MCS 19
	1
	TDL-A 5ns, 167Hz
	Yes


Table 2. PDSCH simulation results summary for 60GHz FR2

	Case
	MIMO
	Receiver type
	BLER @ 10%

	1
	2Tx 2Rx
	MMSE
	13.2 dB

	2
	2Tx 2Rx
	MMSE
	14.2 dB


Table 3. PDSCH link budget analysis for 60GHz FR2 (EIRP limit is 43 dBm in the US and 40 dBm in EU)
	PDSCH
	No PN
	PN

	System
	 
	 

	SCS (kHz)
	960.0
	960.0

	Carrier frequency (GHz)
	60.0
	60.0

	(0) Occupied Signal BW (Hz)
	391680000.0
	391680000.0

	Subcarriers incl. RS
	408.0
	408.0

	Transmitter
	 
	 

	(1) Tx power (dBm, PA power)
	33.9
	33.9

	(2) Power in Channel Bandwidth (dBm)
	33.9
	33.9

	(3) Cable loss (dB)
	0.0
	0.0

	(4) Body loss (dB)
	NA
	NA

	(5) Tx antenna gain (dBi)
	5.0
	5.0

	(6) EIRP @ 13 dBm/MHz
	 
	 

	        = (2) - (3) - (4) + (5) (dBm)
	38.9
	38.9

	Receiver
	 
	 

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

	(7) Thermal noise
	 
	 

	        = (7a) + 10log10(0)
	-88.1
	-88.1

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

	(9) Receiver noise
	 
	 

	         = (7) + (8) (dBm)
	-79.1
	-79.1

	(10) Required SNR (dB)
	13.2
	14.2

	(11) Receiver sensitivity
	 
	 

	         = (9) + (10) (dBm)
	-65.9
	-64.9

	(12) Interference margin (dB)
	0.0
	0.0

	(13) RX antenna gain (dBi)
	0.0
	0.0

	(14) Body loss (dB)
	3.0
	3.0

	(15) Cable loss (dB)
	NA
	NA

	 
	 
	 

	(20) MPL
	 
	 

	        = (6) - (11) - (12) + (13) - (14) - (15) (dB)
	101.8
	100.8

	(21) MCL
	 
	 

	        = (2) - (11) - (12) (dB)
	99.8
	98.8


Translating the maximum path loss to a coverage distance needs to take O2 absorption loss into account. 
2.2 PSS/SSS detection
In this section we provide our PSS/SSS initial detection simulation results for 60GHz 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 FR2 detection simulation results.
The link budget analysis is given in Table 6.
Table 4. List of scenarios for PSS/SSS detection in 60GHz FR2

	Case
	CHBW/ SCS
	MIMO
	Channel Model
	Phase Noise

	1
	400MHz / 960kHz
	1Tx 2Rx ULA Low
	TDL-A 5ns, 167Hz
	No

	2
	400MHz / 960kHz
	1Tx 2Rx ULA Low
	TDL-A 5ns, 167Hz
	Yes


Table 5. Simulation results summary for PSS/SSS detection in 60GHz FR2

	Case
	MIMO
	Receiver type
	Joint detection probability @ 90%

	1
	1Tx 2Rx
	x-corr receiver w/ threshold
	-2.2 dB

	2
	1Tx 2Rx
	x-corr receiver w/ threshold
	-1.9 dB


Table 6. PSS/SSS link budget analysis for 60GHz FR2

	PSS/SSS
	No PN
	PN

	System
	 
	 

	SCS (kHz)
	960.0
	960.0

	Carrier frequency (GHz)
	60.0
	60.0

	(0) Occupied Signal BW (Hz)
	121920000.0
	121920000.0

	Subcarriers incl. RS
	127.0
	127.0

	Transmitter
	 
	 

	(1) Tx power (dBm, PA power)
	28.9
	28.9

	(2) Power in Channel Bandwidth (dBm)
	28.9
	28.9

	(3) Cable loss (dB)
	0.0
	0.0

	(4) Body loss (dB)
	NA
	NA

	(5) Tx antenna gain (dBi)
	5.0
	5.0

	(6) EIRP @ 13 dBm/MHz
	 
	 

	        = (2) - (3) - (4) + (5) (dBm)
	33.9
	33.9

	Receiver
	 
	 

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

	(7) Thermal noise
	 
	 

	        = (7a) + 10log10(0)
	-93.1
	-93.1

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

	(9) Receiver noise
	 
	 

	         = (7) + (8) (dBm)
	-84.1
	-84.1

	(10) Required SNR (dB)
	-2.2
	-1.9

	(11) Receiver sensitivity
	 
	 

	         = (9) + (10) (dBm)
	-86.3
	-86.0

	(12) Interference margin (dB)
	0.0
	0.0

	(13) RX antenna gain (dBi)
	0.0
	0.0

	(14) Body loss (dB)
	3.0
	3.0

	(15) Cable loss (dB)
	NA
	NA

	 
	 
	 

	(20) MPL
	 
	 

	        = (6) - (11) - (12) + (13) - (14) - (15) (dB)
	118.0
	117.0

	(21) MCL
	 
	 

	        = (2) - (11) - (12) (dB)
	116.0
	115.0


After obtaining maximum path loss for both PDSCH and PSS/SSS, it is seen that the PN has minimal impact on both the PSS+SSS detection performance with a legacy 4-symbol SSB design and PDSCH performance with a SCS of 960 kHz. 

Observation 1: PSS+SSS detection performance is more robust than PDSCH coverage based on the MPL values, for a SCS of 960kHz.

3. UL Waveform
UL coverage analysis can be performed similar to the previous section once simulation evaluations have been finalized. Instead, the focus of this section is on UL MIMO enhancements. NR UL PUSCH supports the transmission of up to four spatial layers and a single codeword by a UE in Rel-15 and Rel-16 when closed-loop spatial multiplexing is used together with CP-OFDM. This is in contrast to the DL, where up to eight spatial layers are supported. If the UE applies transform precoding (DFT-S-OFDM), then only a single layer shall be transmitted on the UL. 
The goal for NR operation in 52.6 GHz – 71 GHz should be to achieve multi-Gbps peak throughputs using a combination of wideband transmissions and enhanced MIMO capabilities to address use cases such as short-range high-rate D2D communications, wireless backhaul, wireless display transfer, and augmented reality (AR)/virtual reality (VR) wearables [1]. In the case of competing technologies such as IEEE 802.11ay, the maximum number of spatial streams per station is defined to be eight for SU-MIMO operation. Furthermore, a DL MU-MIMO transmission in 802.11ay can include up to eight stations simultaneously. 
It is known that the NR peak data rate can be approximated as [3]
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is the maximum number of supported layers on the DL or UL. Doubling the maximum number of layers would essentially double the UL throughput with all other factors remaining the same.
Therefore, it is proposed to support up to eight spatial layers on the UL as part of waveform enhancements in this SI. A related enhancement is to allow multiple layers for transform precoding (DFT-S-OFDM) transmissions, so as to allow high-throughput transmissions when employing transform precoding for PAPR and coverage gains. In our understanding, the Rel-17 WI on NR FeMIMO does not include these enhancements and therefore would be scoped in the current SI and follow-up WI.
Proposal 1: It is considered beneficial to support up to at least eight spatial layers for UL transmissions on PUSCH.

Proposal 2: Multiple spatial layers are allowed when the UE applies transform precoding.
4. Conclusions

In this contribution we examined 60 GHz DL coverage based on initial simulation results for NR PDSCH and PSS/SSS performance assuming a new NR subcarrier spacing of 960 kHz. We also discussed other enhancements for the UL waveform. The following observations and proposals were obtained.

Observation 1: PSS+SSS detection is more robust than PDSCH coverage based on the MPL values, for a SCS of 960kHz.

Proposal 1: It is considered beneficial to support up to at least eight spatial layers for UL transmissions on PUSCH.

Proposal 2: Multiple spatial layers are allowed when the UE applies transform precoding.
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Annex A – PDSCH simulation results
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Figure 1: Practical channel estimation. No explicit CPE compensation when PN is present.
Annex B – PSS/SSS detection simulation results
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Figure 2: Receiver window 5ms.
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