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1. Introduction
In 3GPP RAN meeting #90-e meeting, a new WI is agreed to extend the support of NR operation to 71GHz [1]. According to the outcome of the study item on Supporting NR above 52.6GHz and leveraging FR2 design to the extent possible, this WI extends NR operation up to 71GHz considering, both, licensed and unlicensed operation. Specifically, RAN1 has reached consensus that subcarrier spacing of 120 KHz with NCP, which is already supported in FR2, will also be supported up to 71GHz.
When 120KHz SCS is use, large performance degradation and error floors have been observed in high MCS cases when the receiver only compensates for the CPE. It is also observed that, with advanced receiver techniques such as ICI compensation, we are able to enhance the performance and lower the error floor to ensure proper operation for 52.6 GHz to 71 GHz band. Despite these general observations, it is still unclear whether we need further improvements on the PTRS and/or DMRS when operating with 120 KHz SCS, considering receiver complexity, specification impacts, and other practical factors.
In this contribution, we will evaluate the NR performance at 60 GHz band with 120 KHz SCS, assuming legacy PTRS and DMRS designs and a realistic, feasible receiver architecture.

2. [bookmark: _Ref494794648]Evaluation Assumptions and Simulation Results
In this section, we evaluate the DL BLER corresponding to 120 KHz SCS 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, assuming a realistic and feasible receiver architecture. TDL-A channel model (2 x 2) is assumed in our simulation, with the DS scaling factor set to 5ns. MCS of 22 (64QAM) is used in our simulations according to Table 5.1.3.1-1 in [2]. 
Since a single symbol, front loaded DMRS is assumed, our receiver performs a standard LMMSE channel estimation using the DMRS symbol, and the estimated channel is used throughout the whole slot. We assume no Doppler knowledge at the receiver, and no data-aided channel estimation enhancement is performed. This simple receiver architecture is particularly vulnerable to channels with non-negligible Doppler spread, but could certainly serve as our baseline for performance evaluation.
For phase noise compensation, based on current NR PTRS design, we evaluated 3 different options of frequency domain ICI equalizer at the receiver. The first one is a single-tap LMMSE equalizer, which compensates the CPE only. The second one is an 11-tap LMMSE equalizer, where the equalizer coefficients are directly estimated using the known PTRS symbols. Finally, the third equalizer we implemented is a LMMSE decision feedback equalizer, which uses both PTRS symbols and detected data symbols for phase noise compensation.
A summary of the evaluation assumptions described above and a more detailed simulation settings are given in Table 1.
[bookmark: _Ref53675333]Table 1: Summary of the simulation parameters 
	Evaluation Assumptions for LLS

	Numerology
	Channel BW (MHz)
	Subcarrier Spacing (KHz)
	FFT Size
	
	CP Length ()

	
	400
	120
	4096
	256
	586

	Waveform
	CP-OFDM

	Max 
	275 (FFT size: 4096)

	Channel
	Model: TDL-A (2x2). 
Doppler: 3 km/hr.
DS: 5ns

	Phase Noise
	TR 38.803 Example 2

	NR Settings
	PDSCH: Rank 1 (S=2, L=12), DMRS: 1 symbol, front loaded. 
PTRS: (K=4, L=1), MCS: 22 (64QAM)

	Receiver Settings
	Channel Estimator: DMRS based LMMSE estimator.
Phase Noise Compensation:
1. CPE compensation only
2. ICI LMMSE Equalizer
3. ICI DFE-LMMSE Equalizer



Figure 1 shows the simulated DL performance corresponding to the simulation settings listed in Table 1. From the figure, we can see that compared to the case when genie channel estimation is used, the LMMSE channel estimation based on a single symbol, front loaded DMRS results in a noticeable performance degradation and an error floor at BLER of . This is not to our surprise, as our simple receiver only executes a one shot channel estimation at the beginning of a PDSCH, and use that estimation throughout the rest of the slot. In other words, the Doppler effect of the channel would likely cause an error floor, since it is not modeled in our channel estimator. However, we want to emphasize that even with the presence of such an error floor, it is still well below the typical NR operating point, which corresponds to a BLER of .
For phase noise compensation, we can see from Figure 1 that with CPE compensation only, the error floor remains way above  even for very high SNR. This reconfirms the observation from the study phase that to deal with phase noise at 60 GHz band, CPE only compensation is not enough for normal NR operation with 120 KHz SCS. On the other hand, when ICI Equalizer is used, the error floor is significantly reduced, as can be seen in the figure. In fact, for both ICI equalizer structure considered here, they are able to provide performance very close to the case when there is no phase noise.
[bookmark: _Ref40448413][bookmark: _Ref61449445]Observation 1: When ICI equalizer is used at the receiver, R-15 PTRS & DMRS design could support normal NR operation with 120 KHz SCS and high MCS at 60 GHz band.
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[bookmark: _Ref61439178][bookmark: _Ref61439186]Figure 1: DL performance corresponding to simulation settings given in Table 1
Based on the above discussion and observation, we have the following proposal:
[bookmark: _Ref61449459]Proposal 1: No DMRS and PTRS enhancements are needed for NR operating at 60 GHz band with 120 KHz SCS. 
3. Conclusion
In summary, we have the following observation and proposal:
Observation 1: When ICI equalizer is used at the receiver, R-15 PTRS & DMRS design could support normal NR operation with 120 KHz SCS and high MCS at 60 GHz band.
Proposal 1: No DMRS and PTRS enhancements are needed for NR operating at 60 GHz band with 120 KHz SCS.
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