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1. Introduction
In 3GPP RAN meeting #86 meeting, a new SID is agreed on the study of supporting NR from 52.6GHz to 71GHz [1]. Specifically, the study objectives are given as follow:
· 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].

· Study of channel access mechanism, considering potential interference to/from other nodes, assuming beam based operation, in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6 GHz and 71 GHz [RAN1].
Note: It is clarified that potential interference impact, if identified, may require interference mitigation solutions as part of channel access mechanism.
In this contribution, we will focus on evaluating the performance of existing DL/UL NR waveform and numerology when operating at frequency band between 52.6GHz and 71GHz.

2. [bookmark: _Ref494794648]General Considerations on Subcarrier Spacing, Channel Bandwidth, and CP length
When operating at high frequency band such as 52.6GHz to 71GHz band, it is desirable to use larger subcarrier spacing in an OFDM system to reduce the impact of RF impairments such as phase noise. In current NR framework, subcarrier spacing of 60KHz or 120KHz could be used when operating in FR2 [2]. For channel bandwidth, NR currently supports up to 400MHz (SCS=120KHz, ), corresponding to an OFDM FFT size of 4096. Note that subcarrier spacing of 240KHz is also defined in NR, but is only applicable to SSB/PBCH currently.
Cyclic Prefix (CP) length is also an important parameter for OFDM numerology design. At 70GHz, for the channel model approved by 3GPP, the long delay profile for indoor office environment has a delay spread of 37ns, while the long delay profile for outdoor environment (UMa) has a delay spread of 698ns. In NR, the CP lengths corresponding to subcarrier spacing of 60KHz, 120KHz, and 240KHz are 1170ns, 570ns, and 290ns, respectively [3]. This indicates that as far as CP length is concerned, all NR subcarrier spacings for FR2 should be able to avoid ISI in indoor office environment. For outdoor environment (UMa), it may appear that only subcarrier spacing of 60KHz (and the corresponding CP length) could cope such long delay. However, when beam forming is used (which is typical when operating at such high frequency bands), the delay spread is expected to reduce dramatically.
[bookmark: _Ref40448413]Observation 1: For indoor operations, as far as CP length is concerned, current NR numerology corresponding to SCS=60KHz, 120KHz, and 240KHz could all operate properly.

FFT size is yet another important parameter for OFDM numerology design. Together with subcarrier spacing, these two parameters directly imply the maximum bandwidth supported. For example, an FFT size of 4096, together with subcarrier spacing of 120KHz, give us a maximum bandwidth of 400MHz (Note that only 3168 subcarriers out of 4096 are used according to [2]). When operating at 52.6GHz to 71GHz band, the FFT size has impacts on PAPR and implementation complexity. Specifically, it is well known that the PAPR of an OFDM signal is proportional to its number of subcarriers (i.e., FFT size). Larger FFT size will lead to a larger PAPR, and hence, requires more power back-off in PA operation. The consequence is a reduction in cell coverage radius. Regarding implementation complexity, we note that for larger subcarrier spacing, the OFDM symbol length is shorter, and for the same FFT size, it means a tighter timing constraint to process an OFDM symbol.

[bookmark: _Ref40448461]Observation 2: Larger OFDM FFT size implies higher signal PAPR, which leads to reduced PA power efficiency and cell coverage.

3. Impact of Phase Noise: EVM Evaluations
In this section, we evaluate the EVM corresponding to various numerology options in the presence of phase noise. In our evaluation, we use the 3GPP approved phase noise model as detailed in [4]. For completeness, the corresponding model parameters are listed in Table 1. Note that we choose 70GHz as the carrier frequency, and the corresponding phase noise spectral density is plotted in Figure 1.
[bookmark: _Ref40449733]Table 1: Parameters for 70GHz Phase Noise Model [4]
	Model
	

	Carrier Frequency
	70 GHz

	PSD0
	8894 (39.49dB)

	n,m
	fz,n
	αz,n
	fp,m
	αp,m

	1
	3e3
	2.37
	1
	3.3

	2
	396e3
	2.7
	1.55e6
	3.3

	3
	754e6
	2.53
	30e6
	1


When evaluating the EVM of various QAM modulations (i.e., QPSK, 16QAM, 64QAM, and 256QAM), we compensated the common phase error (CPE) term via a zero forcing (ZF) equalizer. Ideal CPE estimator is assumed, and only the receiver side phase noise is modeled. This means that for the given phase noise model, our evaluation result provides a performance upper bound of the evaluated numerology options.
The evaluation result is given in Table 2. Note it could be shown that after the CPE compensation, the EVM is independent of the modulation type (i.e., the EVMs are the same for QPSK, 16QAM, 64QAM, and 256QAM). Hence, we only show a single EVM value for each numerology option in Table 2. For reference, we also list the EVM requirements for different modulation schemes as specified in [2] in Table 3.
From Table 2 we can make several observations. First, with this phase noise model, the EVM does not improve with larger subcarrier spacing. This shows that the noise component contributing to the EVM behaves more like white noise, and cannot be absorbed into CPE for compensation. Second, we noticed that when compared to the EVM requirements given in Table 3, we are only able to support QPSK for all
[image: C:\Users\mtk10427\Documents\5G references\5G mmWave\NR above 52.6GHz\Simulation Results\Phase_Noise_PSD.png]
[bookmark: _Ref40449757]Figure 1: The spectral density of the phase noise model at 70GHz
evaluated scenarios. Even though the EVM is just slightly worse than the value required for 16QAM, the gap will increase if we consider thermal noise and other RF impairments.
[bookmark: _Ref40448468]Observation 3: Using existing NR FR2 numerology, assuming the phase noise model given in TR38.803 and 70GHz carrier frequency, higher order modulation schemes like 16QAM, 64QAM, and 256QAM could not meet the EVM requirement.

[bookmark: _Ref40449809]Table 2: EVM Evaluations for Various NR Numerologies
	Channel Bandwidth (MHz)
	Subcarrier Spacing (KHz)
	FFT Size
	
	EVM (%)

	100
	60
	2048
	132
	12.4

	200
	120
	2048
	132
	12.6

	400
	240
	2048
	132
	12.7

	200
	60
	4096
	264
	12.7

	400
	120
	4096
	264
	12.8

	800
	240
	4096
	264
	12.8



[bookmark: _Ref40449882][bookmark: _GoBack]Table 3: EVM Requirements for Various Modulation Schemes [2]
	Parameter
	Unit
	Average EVM Level

	QPSK
	%
	17.5

	16 QAM 
	%
	12.5

	64 QAM 
	%
	8

	256 QAM
	%
	3.5



4. Conclusion
In summary, we have the following observations:
Observation 1: For indoor operations, as far as CP length is concerned, current NR numerology corresponding to SCS=60KHz, 120KHz, and 240KHz could all operate properly.
Observation 2: Larger OFDM FFT size implies higher signal PAPR, which leads to reduced PA power efficiency and cell coverage.
Observation 3: Using existing NR FR2 numerology, assuming the phase noise model given in TR38.803 and 70GHz carrier frequency, higher order modulation schemes like 16QAM, 64QAM, and 256QAM could not meet the EVM requirement.
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