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1 Background
In RAN4#96-e, the WF on numerologies of frequency range from 52 GHz to 71 GHz [1] has been approved with the content below:
· Channel Bandwidth
· Maximum channel bandwidth is in [400 – 2160] MHz
· RAN4 continues to discuss about a maximum channel bandwidth. 
· Minimum channel bandwidth is in [50 – 800] MHz.
· Companies are encouraged to provide input in the next meeting.
· Sub-Carrier Spacing
· Further evaluation on feasibility of SCS from 120 kHz to 960 kHz in the next meeting.
· Companies are encouraged to evaluate feasibility from RAN4 perspective, i.e.,
· EVM
· Timing requirement
· Etc.
· FFS on 1920 kHz

In this contribution, we provide our further views on maximum channel bandwidth and SCS from the RF point of view. Simulation results of EVM with different SCS are presented. 
2 Discussion
2.1 Maximum Channel Bandwidth 
Legacy NR supports up to 400 MHz bandwidth for FR2. Meanwhile, a unit of LBT bandwidth has been specified as 2.16 GHz in 802.11 ad/ay systems. If NR devices transmit signals using a channel with bandwidth less than 2.16 GHz, an 802.11 ad/ay device may not accurately detect the existence of the NR transmissions on the given channel, leading to an increased probability of collision between NR and 802.11 ad/ay. As for NR-U using 5 GHz unlicensed spectrum, to avoid a low probability of collision, channelization should be aligned in a co-existence environment in the frequency range from 52 GHz to 71 GHz, especially for the unlicensed spectrum.  
Observation 1: Co-existence with other communication systems in unlicensed bands should be taken into account for NR system channelization in the frequency range from 52 GHz to 71 GHz. 

Moreover, from the aspect of the system capacity, it is important that 3GPP aligns the amount of used bandwidth with that of other communication systems in the unlicensed band to provide a competitive wideband service. Therefore, NR systems with 2.16 GHz at least in the frequency range from 52 GHz to 71 GHz should be supported.
Proposal 1: NR system should support 2.16 GHz bandwidth in the frequency range from 52 GHz to 71 GHz.

Occupying a bandwidth of 2.16 GHz can be accomplished with either a single wide band CC or with a contiguous CA of multiple narrower CCs. From the RF aspect, the CA scheme, especially for contiguous CA, can be implemented using an RF architecture similar to that of the single CC scheme, i.e., a single RF chain where two or more CCs are separated in baseband. On the other hand, it may also be implemented using independent multiple RF chains. However, the latter would inevitably increase the design complexity and power consumption of the UEs. Moreover, the control signaling overhead would be increased to support CA operation. Therefore, supporting 2.16 GHz with a single CC is the preferred option based on the discussion above. 
Proposal 2: Considering the RF complexity and signalling overhead of the NR system, it is preferred to support 2.16 GHz with a single CC
2.2 Subcarrier Spacing 
Based on the agreement in RAN1 #102e [2], NR systems in the frequency range from 52 GHz to 71 GHz should be designed with maximum FFT size of 4096. Therefore, if it is agreed to support 2.16 GHz with a single CC for the frequency range from 52 GHz to 71 GHz, and SCS with 960 kHz will be needed.
Observation 2: SCS = 960 kHz is needed to support a single carrier of 2.16 GHz based on 4096 FFT. 
2.2.1 Subcarrier Spacing on EVM performance 
From the RF aspect, the higher frequency usually suffers from more severe phase noise caused by oscillators. Phase noise has two main effects on OFDM-based wireless systems: 1) A rotation, by the same amount, of the phases of all transmitted symbols. 2) A dispersion of the transmitted symbols about the original modulation symbols, which is the result of inter-carrier interference (ICI). 
The phase rotations can be accounted for by channel estimation and compensated. On the other hand, the ICI plays a critical role in the selection of proper SCS, which is a vital issue that needs to be investigated for communication systems operating above 52 GHz. Thus, we focus on the dispersion of transmitted symbols, quantized by the error vector magnitude (EVM) metric:
.

An initial evaluation on the impact from different phase noise (PN) models on the SCS in the frequency range above 52 GHz has been provided in [2]. Here, we further develop the models used in the link-level simulations (LLS) of  [2] to include the impact of PN on both Tx and Rx sides, based on the PN noise model in [3]. The modified Rapp model with AM/AM and AM/PM distortion models for PA proposed in [4] is also used at Tx side, although for the results presented herein the PA is operating in a quasi-linear region and thereby has little impact. The setup of the LLS is illustrated in Fig. 1, where is a CP-OFDM baseband waveform and  and  are the PNs of the up- and down-converters, respectively, generated according to [3], with a design margin of 5dB. 

[image: ]
Fig. 1. The setup of LLS to study the impact of various SCSs on EVM. 

Four different SCS, namely 0.24/0.48/0.96/1.92 MHz, have been compared in this study.  In addition, a 2 GHz bandwidth is used in the LLS since, as proposed in this contribution, such a large bandwidth could be potentially used for the unlicensed spectrum. Other parameters of the LLS have been listed in Table II. 

Table II. Parameters for EVM LLS with SCS

	Parameters
	Values
	Parameters
	Values

	Carrier frequency
	60 GHz
	Modulation
	QAM

	Waveform
	CP-OFDM
	System bandwidth
	2 GHz

	Subcarrier spacing
	0.24/0.48/0.96/1.92 MHz
	RB allocation
	640/320/160/80

	Phase noise model, transmitter
	R4-2010176
	FFT size
	8192/4096/2048/1024

	Phase noise model, receiver
	R4-2010176
	OFDM symbols
	1000




The simulated CDF of EVM results over 1000 iterations are shown in Fig. 2. It can be observed that a significantly reduced EVM can be observed with a larger SCS: In order to reach an averaged EVM below 10 %, a SCS larger than 960 kHz is needed. 
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Fig. 2. The simulated CDF of EVM over 2GHz at 60 GHz with various SCS.

Observation 3: Considering the impact of high PN above 52 GHz, an enlarged SCS can significantly improve the EVM performance. 

Considering aspects from both channelization of 2.16 GHz bandwidth and to mitigate the larger PN in the higher frequency, supporting an enlarged SCS to at least 960 kHz is beneficial for the NR system in the frequency range from 52 GHz to 71 GHz.

Proposal 3: Support the maximum SCS to at least 960 kHz for the NR system in the frequency range from 52 GHz to 71 GHz. 

Conclusions
we share our views on the maximum channel bandwidth and on the subcarrier spacing (SCS) in the frequency range above 52 GHz. We have the following observations and proposals: 

Observation 1: Co-existence with other communication systems in unlicensed bands should be taken into account for NR system channelization in the frequency range from 52 GHz to 71 GHz. 

Observation 2: SCS = 960 kHz is needed to support a single carrier of 2.16 GHz based on 4096 FFT. 

Observation 3: Considering the impact of high PN above 52 GHz, an enlarged SCS can significantly improve the EVM performance. 

Proposal 1: NR system should support 2.16 GHz bandwidth in the frequency range from 52 GHz to 71 GHz.

Proposal 2: Considering the RF complexity and signalling overhead of the NR system, it is preferred to support 2.16 GHz with a single CC

Proposal 3: Support the maximum SCS to at least 960 kHz for the NR system in the frequency range from 52 GHz to 71 GHz. 
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