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Introduction
[bookmark: _GoBack]In this Study Item [1], the following parts are included in the objective.

· 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].
· Identify potential critical problems to physical signal/channels, if any [RAN1].

In this contribution, required change to NR in terms of subcarrier spacing and channel bandwidth for above 52.6 GHz operation are discussed. This contribution is a resubmission of R1-2004188.

Discussion
Bandwidth
Legacy NR supports up to 400 MHz bandwidth for FR2. In 802.11 ad/ay systems, it has been specified that a unit of LBT bandwidth is 2.16 GHz. If NR devices transmit signals using a channel with bandwidth less than 2.16 GHz, an 802.11 ad/ay device will not accurately estimate the existence of the NR transmissions on the given channel, leading to an increased probability of collision between NR and 802.11 ad/ay would increase. Like for NR-U using 5 GHz unlicensed spectrum, considering co-existence with NR and 802.11 ad/ay, channelization should be aligned in a co-existence environment. Therefore, at least support of 2.16 GHz bandwidth should be considered. 
Proposal 1: NR devices support 2.16 GHz bandwidth in 60GHz unlicensed spectrum.
On the other hand, the scope of this Study Item includes not only 60 GHz unlicensed spectrum operation but also licensed spectrum operation. It is no longer necessary to apply a 2.16 GHz bandwidth in licensed spectrum above 52.6 GHz or for 60 GHz unlicensed spectrum in controlled environments where other RATs such as 802.11 ad/ay do not operate. Therefore, for licensed spectrum or unlicensed spectrum in a controlled environment, existing bandwidths (e.g. 400 MHz) can be used. The necessity of new bandwidths (e.g. 500 MHz, 1 GHz), other than 2.16 GHz, should be studied further.
Observation 1: For licensed spectrum or unlicensed spectrum in a controlled environment, existing bandwidths (e.g. 400 MHz) can be used.

Subcarrier spacing
Section 2.1 proposed that at least 2.16 GHz should be supported for the purpose of co-existence. To support such a wider bandwidth using OFDM, we have 2 alternatives: (1) increasing SCS; (2) increasing FFT size.
In legacy NR, a 4096 FFT size and up to 120 kHz SCS for data transmission and 240 kHz SCS for SSB transmissions are supported. If the FFT size is kept from legacy NR (4096 points), a 960 kHz SCS is required (960 kHz x 4096 = 3.93216 GHz > 2.16 GHz). On the other hand, if increasing FFT size is possible, support of a significantly wider SCS would not be required. For example, assuming a doubled FFT size (8192 points) and fourfold FFT size increase (16384 points), 480 kHz SCS and 240 kHz SCS are enough (480 kHz x 8192 = 3.93216 GHz > 2.16 GHz; 240 kHz x 16384 = 3.93216 GHz > 2.16 GHz), respectively. 
Observation 2: To support 2.16 GHz bandwidth, 960 kHz SCS is required in the case that the same FFT size as FR1/2 (4096 points) is used, while 480 kHz SCS and 240 kHz SCS is enough in the case that a doubled FFT size (8192 points) or fourfold FFT size (16384 points) are applied, respectively.
SCS should be chosen considering not only bandwidth aspects but also other aspects such as frequency offset, phase noise and CP.
Due to the frequency offset caused by mis-matched oscillators, Doppler shift, and timing synchronization errors, ICI (Inter-Carrier Interference) will be increased. Especially for high carrier frequency, the impact of ICI caused by frequency offset will be significant because Doppler shift/spread is proportional to carrier frequency. In addition, phase noise, which also increases as carrier frequency increases, also causes ICI. To cope with the impact of ICI caused by frequency offset and phase noise, applying a wider SCS than 120 kHz for data transmission and 240 kHz for SSB transmission would be beneficial.
As is well known, increasing SCS proportionally decreases CP duration, which may increase ISI (Inter-Symbol Interference) caused by multi path propagation. For example, assuming normal CP (288 CP length in the case of 4096 FFT size), the CP duration is about 162 nsec for 480 kHz SCS and 81 nsec for 960 kHz SCS, respectively. According to Table 7.7.3-2 of TR 38.901 [3], the delay spread of the long-delay profile in an indoor office is 38 nsec for a 60 GHz frequency and 37 nsec for a 70 GHz frequency, respectively. These CP durations are not much larger than the delay spread. If wider SCS is supported, the necessity of extended CP may have to be additionally studied.
At frequencies between 52.6 GHz and 71 GHz, considering that there is roughly a doubling of the carrier frequency from FR2 (from 30 GHz to 60 GHz), 240 kHz SCS for data transmissions and 480 kHz for SSB transmissions would be more in line with the 3GPP numerological tradition.
Observation 3: Wider SCS has robustness to frequency offset and phase noise, but impacts on CP duration. 
Increasing FFT size brings the specification impact for resource allocation because of increasing the number of PRBs. If FDRA indication overhead in DCI is concerned due to increasing the number of PRBs, enhancement of FDRA might be studied further. 
From the implementation complexity perspective, increasing the FFT size directly comes at a larger computational complexity since larger FFT size requires more memory, thereby increasing the silicon footprint. However, regardless of increasing SCS or increasing FFT size, when 2.16 GHz bandwidth is supported, 8 times sampling rate is required compared to FR 2. e.g. 240 kHz SCS x 16384 FFT size = 960 kHz SCS x 4096 FFT size = about 3.93 GHz sampling rate. Even if FFT size is kept from legacy NR, in the case that the original FFT block cannot be made to run fast enough, then several FFT block instances must run in parallel, thereby also increasing the silicon footprint. In that sense, complexities for alternatives (increasing SCS or increasing FFT size) might be comparable. 
Observation 4: Increasing FFT size brings the specification impact for resource allocation. Computational complexity might be comparable.
As a result, from the system perspective, RAN1 should study applicable SCS and FFT size among {960 kHz SCS, 4096 FFT size}, {480 kHz SCS, 8192 FFT size}, and {240 kHz, 16384 FFT size} in order to support 2.16 GHz bandwidth. 
Proposal 2: Either support of up to {960 kHz SCS, 4096 FFT size}, {480 kHz SCS, 8192 FFT size}, or {240 kHz SCS, 16384 FFT size} should be studied in order to support 2.16 GHz bandwidth.

Conclusions
In this contribution, based on the above discussion, we have the following proposals:
Proposal 1: NR devices support 2.16 GHz bandwidth in 60GHz unlicensed spectrum.
Observation 1: For licensed spectrum or unlicensed spectrum in a controlled environment, existing bandwidths (e.g. 400 MHz) can be used.
Observation 2: To support 2.16 GHz bandwidth, 960 kHz SCS is required in the case that the same FFT size as FR1/2 (4096 points) is used, while 480 kHz SCS and 240 kHz SCS is enough in the case that a doubled FFT size (8192 points) or fourfold FFT size (16384 points) are applied, respectively.
Observation 3: Wider SCS has robustness to frequency offset and phase noise, but impacts on CP duration. 
Observation 4: Increasing FFT size brings the specification impact for resource allocation. Computational complexity might be comparable.
Proposal 2: Either support of up to {960 kHz SCS, 4096 FFT size}, {480 kHz SCS, 8192 FFT size}, or {240 kHz SCS, 16384 FFT size} should be studied in order to support 2.16 GHz bandwidth.
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