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1. Introduction
The following objectives related to RAN4 are included in the study item [1] for B52.6GHz:
o
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 the last meeting, there was extensive discussion on the applicable numerology for B52.6G [2]. The maximum channel bandwidth is within the range of 400~2160 MHz and the minimum channel bandwidth is within the range of 50-800 MHz. As for the applicable SCS, values from 120 kHz to 960 kHz need further evaluation from RAN4 perspective [3].
In this contribution, we further discuss the maximum and minimum channel bandwidths and feasibility of SCS for B52.6G. Some related initial simulation results are provided. 
2. Discussion
2.1. The feasibility of SCS from 120kHz to 960kHz
According to the WF [2] in the last meeting, it is needed to evaluate the feasibility of SCS from 120kHz to 960kHz from RAN4 perspective. EVM requirement is important factor defining transmit signal quality in RAN4. Tx EVM is impacted by different EVM sources, such as IBE, PN, PA linearity and antenna setting. In our simulation, we study the Tx EVM impacted by the two main EVM sources, PN and PA linearity. The simulation assumptions and PN and PA models are captured in the Appendix. Exp.2 phase noise model is used in the simulation with frequency scaled to 60 GHz. Rapp CMOS PA model is used for the simulation of nonlinearity.
To obtain the EVM performances under different numerology, we ran some simulations about EVM VS SCS with PN effect for 60GHz, with two different waveforms CP-OFDM and DFT-S-OFDM considered. And the simulation assumptions are listed in Table 1. Figure 1 shows the EVM results for different SCS with QPSK for 400 MHz channel bandwidth in 60 GHz, with PN model on. It can be observed that EVM gets lower when SCS gets higher, which means higher SCS can perform better in the presence of phase noise in 60 GHz.
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Figure 1 EVM VS SCS for QPSK signal on PN model for 60 GHz

As shown in Figure 1, when considering PN compensation, the value of EVM decreases as the SCS increases for both CP-OFDM and DFT-S-OFDM waveforms. Compared with 120kHz, the EVM of SCS 960kHz is reduced by 5.4% and 0.34% for CP-OFDM waveform and DFT-s-OFDM respectively.

Observation 1：Numerology 960kHz SCS has a better EVM performance than other SCS in 60GHz.
Furthermore, EVM performances are simulated with PA nonlinearity considered for 60GHz. We ran some simulations about EVM VS OBO with PA nonlinearity effect for 60GHz. Both two waveforms CP-OFDM and DFT-S-OFDM are considered. And the simulation assumptions are listed in Table 2. 
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Figure 2 EVM VS OBO considering PA nonlinearity w/o ideal compensation
For 16QAM modulation, the EVM requirement defined in FR2 is 12.5% as illustrated in blue dash line. To meet the EVM requirement, we can obtain the OBO value.
As shown in Figure 2, EVM performances was improved when ideal compensation is added in the simulation. For CP-OFDM waveform, the OBO difference is almost 4 dB between ideal CPE and w/o CPE; for DFT-s-OFDM waveform, the OBO difference is almost 4.3 dB between ideal CPE and w/o CPE. At the same time, there is a difference between the DFT-s-OFDM and CP-OFDM waveform, which is 2.2 dB with ideal CPE. 
Observation 2: For both CP-OFDM and DFT-S-OFDM waveforms, PN compensation can effectively increase EVM performance.
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Figure 3 EVM VS OBO with different MCS considering PA nonlinearity in 60GHz
As shown in Figure 3, in the DFT-S-OFDM waveform, as the modulation order increases, the EVM performance gradually decreases. In the CP-OFDM waveform, the modulation order has a small effect on the EVM performance. 
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Figure 4 EVM VS OBO with different SCS considering PA nonlinearity in 60GHz

As shown in Figure 4, in the CP-OFDM waveform, compared 960 kHz to 480 kHz, the OBO of SCS 960KHz has 0.5dB gain. In the DFT-S-OFDM waveform, there is no difference between these two SCS.
2.2. Maximum and minimum channel bandwidth
As for channelization, IEEE 802.11ad defines a channel BW of 2.16GHz for 60GHz. Also, for B52.6G with this large spectrum holding, larger supported channel bandwidth compared to FR2 should be natural. It is suggested that channel bandwidth of 2GHz for a single carrier should be supported for B52.6GHz.

For supporting maximum 2GHz carrier BW, 960 kHz SCS with NCP is used for B52.6G. As analysed in [4], 960kHz SCS with NCP can support maximum 2GHz carrier BW well, also it can have a robustness on eliminating phase noise and support large peak date rate.

Table 1 summarizes all the FR2 operating bands and their supported CHBWs with related SCS. The maximum supported channel bandwidth is 400MHz with 120kHz SCS, which is optional. The last column calculates the relative BW for each operating band, which shows the RF implementation capability in FR2. The maximum Relative BW is 1.55% in band n258. While when the frequency reaches 60GHz, supporting 2GHz channel BW means the relative BW reaches 3.3% relative BW. It implies higher RF implementation capability for supporting 2GHz channel BW, comparing to the level in FR2.

It may be challenging supporting 2GHz CHBW in 60GHz, which means the corresponding RF requirements need to be relaxed considering the larger relative BW ratio.
Table 1: NR bands already defined for FR2 (ALL TDD BANDS)
	FR2 bands
	Frequency range
	Total BW 
	CHBW(MHz)
	SCS (kHz)
	RelativeBW

	n257
	26500 ~ 29500 MHz
	3000MHz
	50/100/200/400
	60/120
	1.43%

	n258
	24250 ~ 27500 MHz
	3250MHz
	50/100/200/400
	60/120
	1.55%

	n259
	39500 ~ 43500 MHz
	4000MHz
	50/100/200/400
	60/120
	0.964%

	n260
	37000 ~ 40000 MHz
	3000MHz
	50/100/200/400
	60/120
	1.04%

	n261
	27500 ~ 28350 MHz
	850MHz
	50/100/200/400
	60/120
	1.43%


Proposal 1: (960K, NCP) with maximum 2GHz carrier BW and (120K, NCP) with maximum 400MHz carrier BW are preferred for 52.6-71GHz.

Observation 3: 2GHz carrier BW will result in more relative BW ratio than FR2.

Proposal 2: For (960K, NCP) with 2GHz carrier BW, RF requirements need to be relaxed considering the larger relative BW ratio.
For FR2 the minimum channel bandwidth of 50MHz is supported. However, when the frequency extends to B52.6GHz, there is no motive to support such small minimum channel bandwidth. As evaluated in [4], 120kHz has better coverage than other numerology. It is suggested that minimum channel bandwidth 400MHz with 120kHz SCS should supported.
Proposal 3. Minimum channel bandwidth 400MHz with 120kHz SCS should be supported for B52.6G.

3. Conclusion
This contribution evaluates the Tx EVM performances considering phase noise and the non-linearity of PA for B52.6G. The following observations and proposals are made:
Observation 1：Numerology 960kHz SCS has a better EVM performance than other SCS in 60GHz.
Observation 2: Whether it is a CP-OFDM waveform or a DFT-S-OFDM waveform, PN compensation can effectively increase EVM performance

Proposal 1: (960K, NCP) with maximum 2GHz carrier BW and (120K, NCP) with maximum 400MHz carrier BW are preferred for 52.6-71GHz.

Observation 3: 2GHz carrier BW will result in more relative BW ratio than FR2.

Proposal 2: For (960K, NCP) with 2GHz carrier BW, RF requirements need to be relaxed considering the larger relative BW ratio.
Proposal 3. Minimum channel bandwidth 400MHz with 120kHz SCS should be supported for B52.6G.
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Appendix: Simulation assumptions
Table 2
   Simulation assumptions for EVM with PN effect

	Parameters
	Value

	Bandwidth
	400MHz

	Carrier frequency
	60 GHz

	Waveform
	CP-OFDM/DFT-S-OFDM

	Antenna configuration
	1T1R

	Subcarrier spacing
	120/240/480/960 kHz

	Phase noise model
	TR38.803 Example 2

	MCS
	QPSK （526/1024）

	MIMO reception algorithm
	MMSE

	Channel model
	AWGN

	RB allocation
	400MHz, i.e. 256/128/64/32 PRB for SCS of 120/240/480/960 kHz respectively.

	FFT size
	400MHz, i.e. 4096/2048/1024/512 SCS of 120/240/480/960 kHz respectively

	Channel estimation
	MMSE

	PN compensation method
	Ideal compensation


Table 3   Simulation assumptions for EVM with PA effect
	Parameters
	Value

	Bandwidth
	2GHz

	Carrier frequency
	60 GHz

	Waveform
	CP-OFDM/DFT-S-OFDM

	Antenna configuration
	1T1R

	Subcarrier spacing
	480/960 kHz

	Phase noise model
	TR38.803 Example 2

	Power Amplifier model
	Rapp CMOS Model 

	MCS
	QPSK:526/1024; 16QAM: 658/1024; 64QAM:666/1024;

	MIMO reception algorithm
	MMSE

	Channel model
	AWGN

	RB allocation
	2GHz, i.e. 320/160 PRB for SCS of 480/960 kHz respectively.

	FFT size
	2GHz, i.e. 4096/2048 for SCS of 480/960 kHz respectively.

	Channel estimation
	MMSE

	PN compensation method
	Ideal compensation

No CPE compensation


TR38.803 Annex A Rapp Model
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Figure 5(a) AM-AM result                      5(b)AM-PM result

Figure 5 (a) presents PA output powers are saturated at 32.7 dBm and 24.8 dBm for the GaN and CMOS model. Figure5 (b) linearizes AM-PM below Pin = -2.3 dBm.

PN model
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Figure 6 PN model Exp 1 and Exp. 2 in TR 38.803

Figure 6 presents the proposed phase noise models for both example 1 and example 2 from TR38.803. Example 1 60GHz is an interpolated result between Example 1 45GHz and Example 1 70GHz.
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