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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].
In order to study the impact of practical RF impairments, evaluation assumptions for both LLS and SLS simulations are discussed and agreed in 3GPP RAN1 e-meeting #101 [5]. In this contribution, based on the agreed evaluation assumptions, we will provide our simulation results and discuss our findings regarding the performance of existing and potentially new NR waveform and numerologies when operating at frequency band between 52.6GHz and 71GHz.

2. [bookmark: _Ref494794648]Evaluation Assumptions and Simulation Settings
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, the largest subcarrier spacing available when operating in FR2 is 120 KHz [2]. For channel bandwidth, NR currently supports up to 400MHz (SCS=120 KHz, ), 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.
According to our pervious DL simulation results [6], assuming 120 KHz subcarrier spacing, the EVM at the UE (receiver) side can only support up to QPSK operation when phase noise is applied. This motivates the idea of using an even larger subcarrier spacing, e.g., 960 KHz, when operating in the 60 GHz band. The phase noise model used for our performance simulation is provided in [4].
Table 1 summarizes simulation configurations and important LLS parameters as agreed in [5]. In the next section, we will show our simulation results for a subset of the agreed configurations, and discuss the impact of phase noise at 60 GHz band based on these results.

Table 1: Summary of LLS Evaluation Assumptions 
	Evaluation Assumptions for LLS

	Channel Bandwidth (MHz)
	Subcarrier Spacing (KHz)
	FFT Size
	
	CP Length ()  (NCP)

	[bookmark: _GoBack]400
	120
	4096
	256
	586

	
	240
	2048
	128
	293

	
	480
	1024
	64
	146

	
	960
	512
	32
	73

	2000
	960
	2048
	160
	73

	
	1920
	1024
	80
	37

	Waveform
	CP-OFDM and DFTS-OFDM (PUSCH only)

	Max 
	275 (FFT size: 4096)

	Channel
	Model: TDL (2x2) or CDL; Mobility: 3 km/hour

	Phase Noise
	TR 38.803 Example 2

	Other impairments
	Optional: PA Model, IQ imbalance, Frequency Offset

	NR Settings
	PDSCH: Rank 1, DMRS: 1 symbol, PTRS: (K=4, L=1),    MCS: 7(QPSK), 16(16QAM), 22(64QAM)



3. Simulation Results and Discussion
In this section, we evaluate the DL BLER corresponding to various numerology options in the presence of phase noise. Specifically, we configured the DL channel bandwidth to 400 MHz, and evaluate the performance impact of phase noise for subcarrier spacing of 120 KHz and 960 KHz. TDL-A and TDL-D channel models (both 2 x 2) are assumed in our simulation, with the DS scaling factor set to 5ns and 10 ns, respectively. MCS of 16 (16QAM) and 22 (64QAM) are used in our simulations according to Table 5.1.3.1-1 in [7]. Note that in our simulation, only phase noise at the UE (receiver) side is assumed.
Figure 1 and Figure 2 show the simulated DL performance for TDL-A and TDL-D channels, respectively. From the figures, we can see that for all channels and MCS values simulated, system of 960 KHz subcarrier spacing always outperforms that of 120 KHz subcarrier spacing. The results are not surprising, and merely confirms the fact that larger subcarrier spacing could reduce the performance impact of phase noise.


[image: ]
[bookmark: _Ref47699112]Figure 1: DL Performance for TDL-A (DS = 5 ns) Channel 
[image: ]
[bookmark: _Ref47699128]Figure 2: DL Performance for TDL-D (DS = 10 ns) Channel


Despite the performance improvements provided by upscaling the subcarrier frequency from 120 KHz to 960 KHz, we still observe an obvious error floor in the case of MCS = 22 for both simulated channels. In fact, the BLER never drops below 90% in this situation and should be considered as inoperable. This also indicates that the inter-carrier-interference (ICI) terms caused by the phase noise is dominating the performance and cannot be ignored in the 60 GHz band.
[bookmark: _Ref47695458]Observation 1: Larger subcarrier spacing could reduce the performance impact of phase noise.
[bookmark: _Ref47695471]Observation 2: For subcarrier spacing of 960 KHz, performance error floors above BLER = 0.1 are observed in the case of MCS = 22 (64QAM) for both TDL-A and TDL-D channels.
[bookmark: _Ref47695481]Proposal 1: Methods to eliminate ICI induced by phase noise should be studied for NR operation in the 60 GHz band.
Note that in our simulations, we use a fixed, wideband precoder at the transmitter side. This captures the benefit of Tx and Rx diversity, but doesn’t explore the additional performance gain that could be obtained by using a close-loop, narrowband precoding scheme.
4. Conclusion
In summary, we have the following observations:
Observation 1: Larger subcarrier spacing could reduce the performance impact of phase noise.
Observation 2: For subcarrier spacing of 960 KHz, performance error floors above BLER = 0.1 are observed in the case of MCS = 22 (64QAM) for both TDL-A and TDL-D channels.
Proposal 1: Methods to eliminate ICI induced by phase noise should be studied for NR operation in the 60 GHz band.
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