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Background
New spectrum in 60 GHz range, i.e. 52.6 – 71 GHz, will be introduced in 3GPP. During SI phase, numerology and channel BW will be studied and evaluated. In this paper, we present possible channel bandwidths, numerologies, and corresponding FFT sizes for discussion and decision
Discussion
As indicated in the SID [1], existing DL/UL waveform is employed to support operation between 52.6 GHz and 71 GHz. Note that the selection of numerologies can follow design principle as defined in NR Rel-15. More specifically, subcarrier spacing at this frequency range can be equal to kHz, where  is a positive integer number. Further, symbol- and subframe-level boundary alignment across different subcarrier spacings with same CP overhead is defined, which can help in achieving seamless coexistence when mixed numerologies are employed in the same frequency band. 
[bookmark: _GoBack]Compared to FR2 where subcarrier spacings with 60 kHz and 120 kHz are specified for data and control channel, and 120 kHz and 240 kHz are specified for SSB transmission, a larger subcarrier spacing is envisioned for carrier frequency between 52.6 GHz and 71 GHz, to combat more severe phase noise. Table 1 summarizes the candidate numerologies for carrier frequency between 52.6 GHz and 71 GHz with normal CP. Note that in the table, slot duration is calculated for the slots other than first slot of 0.5 ms duration. For the first slot of 0.5 ms duration, additional 0.52 µs is needed to align the symbol- and slot boundary as for smaller subcarrier spacing in FR1 and FR2.

	µ
	4
	5
	6
	7

	Subcarrier spacing
	240 kHz
	480 kHz
	960 kHz
	1.92 MHz

	Symbol duration
	4.17 µs
	2.08 µs
	1.04 µs
	0.52 µs

	Slot duration
	62.43 µs
	31.22 µs
	15.60 µs
	7.80 µs

	Normal CP length
	292.97 ns
	146.48 ns
	73.24 ns
	36.62 ns


[bookmark: _Ref47257008]Table 1. Candidate numerologies and symbol/slot duration

As specified in NR, maximum channel bandwidth is 100 MHz and 400 MHz for FR1 and FR2, respectively. For carrier frequency between 52.6 GHz and 71 GHz, it is expected maximum channel bandwidth would be larger compared to that for FR2. As much wider channel bandwidths are typically available at this frequency range, utilizing relatively large subcarrier spacing can simplify implementation and reduce complexity at transceiver by avoiding an extremely large FFT size. Table 2 summarizes the possible channel bandwidth and corresponding FFT size with various candidate subcarrier spacings. 
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Table 2. Possible channel bandwidth, numerology and corresponding FFT size

Note that subcarrier spacing of 120 kHz which is currently supported by NR Rel-15 in FR2 for data transmission results in FFT/IFFT size greater than 4096, i.e., 8192, 16384 and 32768 for channel bandwidths larger than 800 MHz. These sizes may not be desirable for practical UE implementations from the perspective of implementation complexity and power consumption. Furthermore, limiting the FFT/IFFT size by 4096 while keeping the small SCS simultaneously will significantly reduce the supportable channel bandwidth. It is worth mentioning that other competing wireless systems, e.g., IEEE 802.11ad/ay, operating in the same unlicensed band around 60 GHz already support sufficiently large channel bandwidths, i.e., 2.16 GHz as a single channel bandwidth and the latest release specifies up to 8.64 GHz with channel aggregation, i.e., carrier aggregation in 3GPP. In this case, smaller channel bandwidth defined for NR in 52.6 – 71 GHz frequencies would make NR less competitive against the existing systems. In this regard, lack of supporting larger bandwidths would reduce a full potential of 52.6 – 71 GHz frequency range for truly NR-based massive broadband and make it less attractive for emerging applications like AR/VR. 
While other wireless systems support 2.16 GHz as a single channel bandwidth, we think it is worthwhile to define 2 GHz as a maximum channel bandwidth in NR to maintain NR channel bandwidth principle yet. As the huge unlicensed spectrum is available, we do not see strong motivation having similar channel bandwidths specified in NR FR2, i.e., 50, 100, 200, and 400 MHz, which are too narrow considering huge available unlicensed spectrum, i.e., 18,400 MHz unlicensed spectrum. From this perspective, the minimum channel bandwidth is the one between 500 MHz and 800 MHz, in our view. Further down selection is required.

Observation #1: Competing wireless systems, i.e., 11ad/ay, sharing the same unlicensed spectrum already support 2.16 GHz as a single channel bandwidth. Latest release of 11ay specifies channel bandwidth up to 8.64 GHz with channel aggregation.

Observation #2: Supporting smaller channel bandwidth for NR in 52.6 – 71 GHz frequency range would make NR less competitive against to the existing other wireless systems.

Proposal #1: RAN4 agrees on the maximum FFT size of 4k.

Proposal #2: Supported channel bandwidth is up to 2000 MHz.

Proposal #3: Minimum channel bandwidth is one in range of 500 MHz – 800 MHz. Further down selection is required.

Regarding SCS selection, RAN4 might be able to narrow down once support channel BWs and maximum FFT size are decided.

Summary
In this paper, we presented possible channel bandwidths, numerologies, and corresponding FFT size. The following observations and proposals were made.
Observation #1: Competing wireless systems, i.e., 11ad/ay, sharing the same unlicensed spectrum already support 2.16 GHz as a single channel bandwidth. Latest release of 11ay specifies channel bandwidth up to 8.64 GHz with channel aggregation.
Observation #2: Supporting smaller channel bandwidth for NR in 52.6 – 71 GHz frequency range would make NR less competitive against to the existing other wireless systems.
Proposal #1: RAN4 agrees on the maximum FFT size of 4k.
Proposal #2: Supported channel bandwidth is up to 2000 MHz.
Proposal #3: Minimum channel bandwidth is one in range of 500 MHz – 800 MHz. Further down selection is required.
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SCS (kHz) 120 240 480 960 1920
Channel BW (MHz) 400
Sampling rate (MHz) 491.52 491.52 491.52 491.52 491.52
FFT size 4096 2048 1024 512 256
Channel BW (MHz) 800
Sampling rate (MHz) 983.04| 983.04| 983.04| 983.04| 983.04
FFT size 8192 4096 2048 1024 512
Channel BW (MHz) 1200
Sampling rate (MHz) 1966.08| 1966.08| 1966.08| 1966.08| 1966.08
FFT size 16384 8192 4096 2048 1024
Channel BW (MHz) 1600
Sampling rate (MHz) 1966.08| 1966.08| 1966.08| 1966.08| 1966.08
FFT size 16384 8192 4096 2048 1024
Channel BW (MHz) 2000
Sampling rate (MHz) 3932.16| 3932.16 3932.16| 3932.16| 3932.16
FFT size 32768 16384 8192 4096 2048





