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Introduction
In RAN1#101-e [1], evaluation assumptions and technical aspects to study higher frequency support (up to 71 GHz) have been agreed. In this contribution, we discuss potential issues and associated standards impacts to support higher frequencies up to 71GHz in NR.
Bandwidth and Numerologies
Bandwidth
Although mmW spectrum (52.6 GHz to 71 GHz) allows a bandwidth of 2.16 GHz, most of the regions impose a strict occupied bandwidth rule of 70% to 100% of system bandwidth. This restriction may cause problems especially in the uplink direction as UE may not have enough data to fulfil this requirement and/or UE would have to consume a higher RF and baseband power than needed. In addition, NR should support different maximum possible bandwidth in different bands which requires configurable bandwidth. At least for study purposes, multiples of 400 MHz which has been supported for FR2 can be considered up to 2 GHz. For example, 800 MHz, 1.6 GHz, and 2 GHz may be additionally considered for above 52.6 GHz.
Proposal 1: Study multiples of 400 MHz up to 2 GHz is considered for above 52.6 GHz.
Even though choosing the smaller bandwidth will be better to fulfill the regulation requirement of occupied bandwidth and to reduce power consumption, this may cause coexistence issues with other RAT (e.g. 802.11 ad/ay) that currently exist in the mmW spectrum of 52.6 GHz to 71 GHz and use 2.16 GHz bandwidth.
Proposal 2: Study potential coexistence issue with other RAT in the spectrum of 52.6 GHz to 71 GHz .
Subcarrier spacing
It has been agreed to study the applicable numerology to support higher frequency between 52.6GHz and 71GHz [1]. In that frequency range, phase noise and carrier frequency offset is much higher due to imperfection of PA and Local Oscillator (LO). Furthermore, the Doppler shift/spread is larger as carrier frequency goes higher. A larger subcarrier spacing may mitigate the adverse impacts from higher phase noise and carrier frequency offsets. 
The Figures 1, 2, 3 and 4 show the BLER performance according to the subcarrier spacing with and without the presence of RF impairments using TDL channel model with 400 MHz and 2 GHz bandwidths. As seen in the figures, the performance loss from RF impairments gets mitigated as subcarrier spacing becomes larger especially when higher modulation order is used. 
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Figure 1. BLER performance based on subcarrier spacing in the presence of RF impairments (MCS 22, 400 MHz BW, TDL-A with 5 ns delay spread)
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Figure 2. BLER performance based on subcarrier spacing in the presence of RF impairments (MCS 22, 2 GHz BW, TDL-A with 5 ns delay spread)
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Figure 3. BLER performance based on subcarrier spacing in the presence of RF impairments (MCS 16, 400 MHz BW, TDL-A with 10 ns delay spread) 
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Figure 4. BLER performance based on subcarrier spacing in the presence of RF impairments (MCS 16, 2 GHz BW, TDL-A with 10 ns delay spread) 
From the observations, it is obvious that subcarrier spacing larger than 120 kHz should be considered to combat RF impairments as well as PAPR issues.
Observation 1: A larger subcarrier spacing mitigates the RF impairments in higher frequency especially for higher modulation order 
Another factor to consider while selecting subcarrier spacings is the practical aspect of FFT sizes. The maximum FFT size supported in Rel-15/16 is 4096-point FFT. By limiting the subcarrier spacings with the maximum FFT size, the implementation impacts for re-designing the FFT engines can be avoided.
Observation 2: Limiting subcarrier spacing choices to keep the maximum FFT size as in Rel-15/16 can reduce implementation burden for redesigning FFT engine 
Additional criteria to consider while selecting subcarrier spacings is to minimize the design of physical channels such as PSS/SSS and PBCH and to limit the minimum FFT size to 512-point FFT.
Observation 3: Limiting subcarrier spacing choices to keep the minimum FFT size to 512-points can avoid redesign of SS/PBCH block
From the discussion above, it is observed that limiting the subcarrier spacing choices to keep the minimum and maximum FFT sizes as in Rel-15 is beneficial in terms of implementation complexity as well as standards efforts.
Proposal 3: The candidate new subcarrier spacing is limited to the subcarrier spacing that is within minimum and maximum FFT sizes in Rel-15.
The Table 1 summarizes candidate subcarrier spacings for a give bandwidth which is within the existing minimum and maximum FFT sizes.

[bookmark: _Ref39948468][bookmark: _Ref40325025]Table 1 Examples of bandwidth, subcarrier spacings and FFT sizes
	Bandwidth
	Subcarrier spacing
	FFT size

	400 MHz
	120 kHz
	4096

	
	240 kHz
	2048

	
	480 kHz
	1024

	
	960 kHz
	512

	800 MHz
	240 kHz
	4096

	
	480 kHz
	2048

	
	960 kHz
	1024

	
	1.92 MHz
	512

	1.6 GHz
	480 kHz
	4096

	
	960 kHz
	2048

	
	1.92 MHz
	1024

	
	3.84 MHz
	512

	2 GHz
	960 kHz
	4096

	
	1.92 MHz
	2048

	
	3.84 MHz
	1024



Proposal 4: The bandwidth and subcarrier spacings in the Table 1 is considered for the study.
Physical channels/procedures
DM-RS
A larger subcarrier spacing could degrade channel estimation performance significantly as the frequency gap between two adjacent DM-RS REs in frequency gets effectively larger, thus resulting in poor interpolation performance. The Figure 5 shows the BLER performance according to the number of DM-RS symbols (including both front-loaded and additional DM-RS symbols). 
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Figure 5. BLER performance based on number of DM-RS symbols in the presence of RF impairments (MCS 22, 400 MHz BW, TDL-A with 5 ns delay spread) 
As shown in the Figure, the performance loss from channel estimation error gets reduced as channel the number of DM-RS symbols increases especially when higher modulation order is used. Given that the DM-RS density degradation is mainly for frequency domain, enhanced performance may be achieved by providing enhanced DM-RS design for a larger subcarrier spacing. As PUSCH shares DM-RS design with PDSCH, the performance impact of DM-RS should be considered PUSCH as well as PDSCH.
Observation 4: The performance loss from channel estimation error gets reduced as DM-RS density increases especially when a higher modulation order is used. 
Proposal 5: Study enhanced DM-RS designs for a larger subcarrier spacing for PDSCH and PUSCH.
[bookmark: _Hlk47531132]The PDCCH DM-RS frequency density is relatively sparse as only 3 REs per RB, thus the DM-RS RE is located every 4 REs. Assuming that 3.84MHz subcarrier spacing (if supported) is used, there is no DM-RS over roughly 12 MHz. Considering that downlink coverage is determined based PDCCH coverage, the performance loss of PDCCH due to channel estimation should be avoided. In addition, performance loss of PUCCH needs to be studied considering limited power of UE transmission power. 
Proposal 6: Study channel estimation performance impact of PDCCH and PUCCH with a larger subcarrier spacing.
UE processing time
In NR, UE minimum processing time and switching time has been defined to guarantee the time gap when the UE processes PDCCH, PDSCH, CSI measurement, and RF retuning. It has been defined as a number of OFDM symbols per subcarrier spacing.
Considering that the OFDM symbol length gets shorter as the subcarrier spacing becomes larger, the UE processing time for new subcarrier spacings has to be also studied and specified.
Proposal 7: Study required UE processing time and switching time for larger subcarrier spacings to be introduced.
In NR, existing processing time determination methods are based on fixed parameters such as subcarrier spacing and UE capabilities. The existing UE capabilities for the processing time determination methods only consider worst case scenarios to reduce UE implementation complexity. The methods based on worst case scenarios reduce UE implementation complexity, but the methods require more redundant processing time than UE implementation needs especially for higher frequencies considering increased number of antenna elements/panels and increased number of beams with narrow beam width. For higher frequencies, enhanced processing time determination methods can be studied to reduce the redundant processing time.
Observation 5: Existing processing time determination methods based on worst case scenarios may require more redundant processing time for higher frequencies. 
Proposal 8: Study enhanced processing time determination methods to reduce the redundant processing time.


Summary
In this contribution, we discussed the issues in extending NR FR2 operations to 71 GHz. From the discussions, we made following observations and proposals: 
Observation 1: A larger subcarrier spacing mitigates the RF impairments in higher frequency especially for higher modulation order 
Observation 2: Limiting subcarrier spacing choices to keep the maximum FFT size as in Rel-15/16 can reduce implementation burden for redesigning FFT engine 
Observation 3: Limiting subcarrier spacing choices to keep the minimum FFT size to 512-points can avoid redesign of SS/PBCH block
Observation 4: The performance loss from channel estimation error gets reduced as DM-RS density increases especially when a higher modulation order is used. 
Observation 5: Existing processing time determination methods based on worst case scenarios may require more redundant processing time for higher frequencies. 
Proposal 1: Study multiples of 400 MHz up to 2 GHz is considered for above 52.6 GHz.
Proposal 2: Study potential coexistence issue with other RAT in the spectrum of 52.6 GHz to 71 GHz .
Proposal 3: The candidate new subcarrier spacing is limited to the subcarrier spacing that is within minimum and maximum FFT sizes in Rel-15.
Proposal 4: The bandwidth and subcarrier spacings in the Table 1 is considered for the study.
Proposal 5: Study enhanced DM-RS designs for a larger subcarrier spacing for PDSCH and PUSCH.
Proposal 6: Study channel estimation performance impact of PDCCH and PUCCH with a larger subcarrier spacing. 
Proposal 7: Study required UE processing time and switching time for larger subcarrier spacings to be introduced.
Proposal 8: Study enhanced processing time determination methods to reduce the redundant processing time.
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Annex: Simulation assumptions 
Table 1. simulation assumptions
	Carrier frequency
	60 GHz

	Duplexing
	FDD (for simplicity)/or TDD

	Bandwidth
	400 MHz
	2 GHz

	Subcarrier Spacing (kHz)
	120
	240
	480
	960
	960
	1920

	CP Type
	Regular
	Regular
	Regular
	Extended
	Extended
	Extended

	Data bandwidth
	DL: 90% of system bandwidth
UL: 70% of system bandwidth (according to ETSI regulations)

	Antenna Configurations
	2x2

	Channel Model
	TDL-A model (5 ns and 10ns Delay Spread)

	UE Mobility
	3 km/hr

	RF impairments
	Phase Noise: Example 2 as specified in TR38.803 (sec. 6.1.11.2)
PA nonlinearity: Rapp model
No Frequency offset modeling

	Transmission scheme
	Rank 1 using precoder cycling with PRG size of 4 RBs

	Channel/Noise Estimation
	Realistic

	PTRS
	Every 2nd PRB in frequency and every OFDM symbol in time

	DMRS
	Release 15 Type 1 with 1 front-loaded DM-RS and 1 additional DM-RS unless specified
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