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Introduction
A study item on the requirements for NR beyond 52.6 GHz was completed in December 2019 with the following areas of focus [1]:
· a survey of regulatory requirements for spectrum between 52.6 GHz and 114.25 GHz, 
· identification of deployment scenarios and uses cases for the same frequency, and 
· identification of system requirements for the same frequency

A new study item was proposed in RAN #86 [2] and updated in RAN1 #88e [3] with a goal as follows:
· Study of channel access mechanism 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 this contribution, we discuss the following issues in NR operation between 52.6 GHz and 71 GHz; the bandwidths to be supported, the effect of Phase Noise, the choice of the cyclic prefix, and the implications of these choices on a number of signals, channels and procedures. 
Overview of Issues 
The  frequencies above 52.6 GHz  have the following characteristics and may require the following design decisions:
· Larger spectrum allocations and larger available bandwidths: The large amount of spectrum available at these frequencies results in large channel allocation bandwidths of 2.16 GHz for existing Radio Access Technologies (RATs) in the unlicensed bands in these frequencies. These RATs  include IEEE 802.15.3c, WirelessHD, IEEE 802.11ad and IEEE 802.11ay. Utilizing the available spectrum and enabling coexistence with existing RATs may require an increase in the bandwidths supported to larger than  the 400 MHz for data transmission currently supported by NR Rel-15/Rel-16 in FR2 [13]. 
· Higher phase noise: Phase noise increases with increasing frequency [4]. The higher phase noise experienced at these frequencies causes random jitter in the phase of the received signal. Mitigating the effect of phase noise may require an increase in the subcarrier spacing and/or a modification of the Rel-15/Rel-16 PTRS signal design.
· Channel Delay Spread after beamforming: The use of beamforming to mitigate the effect of the propagation losses may result in a lower delay spread than the original channel as the narrow beam eliminates some of the taps in the channel [8]. However, although the effective delay spread is reduced,  it still requires a cyclic prefix for both CP-OFDM and DFT-S-OFDM waveforms. Mitigating the  channel delay spread after beamforming may require careful selection of the size of the cyclic prefix.
· Modification of signals, channels and procedures: The increase in SCS may require changes to multiple NR Rel-15 and Rel-16 signals channels and procedures due to the reduction in the symbol duration. Examples include UE processing timelines and PDCCH complexity limits.
Observation 1: Mitigating the effect of phase noise in NR above 52.6 GHz  will require an investigation of the numerology of the existing NR design including larger SCSs, smaller cyclic prefix length and larger bandwidths.

Observation 2: Any modifications to the numerology will have an impact on multiple signals, channels and procedures. 
 Bandwidths Supported for operation between 52.6 GHz and 71 GHz
In this section, we discuss the selection of the bandwidths (BW) to be supported in NR between 52.6 GHz and 71 GHz and show how it is linked to the selection of sub-carrier spacings (SCSs). In Recommendation ITU-R M.2003 [10], it is observed that a 2.16 GHz MHz channel bandwidth is utilized for single channels in quite a few of the standards currently operating around 60 GHz and recommends that is important that any new standard  for Multi-Gigabit Wireless Systems (MGWS) operating in frequencies around 60 GHz should employ the same channelization in order to promote better coexistence. As such, our analysis is based on assuming a maximum target BW (or nominal BW) per component carrier of 2 GHz is desired to enable co-existence with other RATs in the unlicensed band. The  maximum FFT size assumed is 4096 based on the values adopted in Rel-15/Rel-16 [9][11][13]. We also explore the implications of a UE having a nominal bandwidth of less than 2.16 GHz.

Maximum Bandwidth

In Table 1, we show the BW as a function of SCS and FFT size. We also define a metric, the % FFT utilization (defined as the ratio of the number of subcarriers used, i.e. the occupied BW, to the FFT size). Note that the actual % FFT utilization in Rel-15/Rel-16 is 77.34%. The relationship of the different BWs is illustrated in Figure 1.
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[bookmark: _Ref40446977]Figure 1: FFT BW, Nominal BW and Occupied BW

The SCS corresponding to the maximum occupied BW less than 2 GHz (1966.08 MHz) is  highlighted in green. As seen in the table, to reach the maximum bandwidth under 2 GHz  without carrier aggregation requires a SCS of at least 480 kHz assuming a maximum FFT size of 4096. An FFT size of 512 (equal to the FFT size for IEEE 802.11ad/802.11ay) maps to an SCS of 3840 kHz to achieve 2 GHz. However, this SCS is not feasible for use in NR as Rel-15/Rel-16 uses a CP overhead of 7% (18.2 nsec for this SCS) compared to IEEE 802.11ad/ IEEE 802.11ay with a CP duration of 48.4 nsec corresponding to an overhead of  25%. The very short overhead duration makes it difficult to use 3840 kHz as a SCS,  even in an indoor scenario and possible mobility and outdoor requirements for NR may require even larger CP durations than the IEEE RATs making the choice of 3840 kHz even worse. An SCS choice of 1920 KHz is also problematic as it maps to a CP duration of 36.4 nsec. To support a CP duration in time that is at least as large as that supported by IEEE 802.11ad/IEEE 802.11ay, the SCSs considered should be no larger than 960 kHz assuming a 7% CP overhead  and corresponding to a CP duration of 73 nsecs. 


[bookmark: _Ref40197350]Table 1: SCS vs FFT size to achieve 2 GHz Maximum Bandwidth
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Interaction with Subcarrier Spacing

In Table 2, we show numerology information for existing SCSs capturing the following parameters:
· # of PRBs, # subcarriers, FFT size, % FFT utilization (Utilization defined as the ratio of the number of subcarriers used to the FFT size or the ratio of the occupied BW to the FFT BW),  occupied BW, % bandwidth utilization (defined as the ratio of the occupied BW to the nominal BW),  symbol length and guard period. 


From Table 2, in frequencies below 52.6GHz, 60 KHz SCS has a maximum BW of 200 MHz while 120kHz SCS has a maximum BW of 400 MHz. The maximum BWs are derived assuming a maximum FFT size of 4096. In both cases, 77.34% of the 4096 sub-carriers are used  (% FFT Utilization = 77.34%) while about 95.04% of the maximum BW is used (% BW utilization = 95.04%). In Table 3, we show a table with identical entries to Table 2 but with candidate SCS values ranging from 240 kHz to 960 kHz. As seen from the table, the maximum BWs supported by SCS 240 kHz, 480 kHz and 960 kHz assuming a 77.34% FFT utilization are :
· 240 kHz: 800 MHz
· 480 kHz: 1600 MHz
· 960 kHz: 1600 MHz

while at a  2GHz nominal bandwidth, use of 480 kHz requires a % FFT utilization of 96.68%. However, 960 kHz may be used with a lower %FFT utilization of 48.34%.
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[bookmark: _Ref47707500]Table 2: Numerology for Rel-15/Rel-16 FR2
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 We can conclude from this analysis that there is a need for carrier aggregation to achieve the high bandwidth that may be required in the unlicensed band between 52.6GHz and 71 GHz especially if using smaller subcarrier spacings. 

Note that some combinations of subcarrier spacing and bandwidths (e.g. 240 kHz with an 800 MHz bandwidth) may require an increase in complexity compared to current implementations. As the motivation in the SID is maximize the leverage of current FR2 based implementations, the combination of SCS and bandwidths selected should take this into account. These combinations could be set as a UE capability. In addition, for easy extension from the FR2 implementations, channel bandwidths can be selected as multiples of 400 MHz. 
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[bookmark: _Ref47707603]Table 3: Possible Numerology for NR operating between 52.6 GHz and 71 GHz
[image: ]


Observation 3: SCS  larger than 960 kHz  are not  considered for NR > 52.6 GHz.

Observation 4: There is a need for carrier aggregation to achieve the high bandwidth allocations in the unlicensed band between 52.6GHz and 71 GHz.

Proposal 1: The channel bandwidth can be set to 2.16 GHz for co-existence with the existing channel allocation in the 52.6 GHz to 71 GHz spectrum. 

Proposal 2: NR should study bandwidth and SCS combinations that minimize the effect on implementation complexity. 

Proposal 3: BW candidates should be multiples of 400 MHz and a UE should be able to indicate a component carrier bandwidth/SCS combination to achieve 2 GHz transmission if needed.
Effect of Phase Noise on operation between 52.6 GHz and 71 GHz
In this section, we characterize the phase noise (PN) in a system operating between 52.6GHz and 71 GHz. We use a simple AWGN model and use a theoretical analysis [5], [6], [7] to estimate the PN increase from the transmitter and receiver to be expected for various SCSs and maximum BWs. This theoretical analysis captures the effect of PN at these frequencies and we use the results obtained to make some further recommendations on the SCSs and BWs to be used and identify further studies that are needed.

It has been shown that if the operating carrier frequency changes, the PN PSD is shifted by 20 log10 (fc/fc,base) dBc/Hz where fc is the frequency of interest and fc,base is the baseline frequency at which the parameters of the model are estimated [4]. As such, PN increases with increasing frequency. To estimate the PN, it is required to integrate the noise under the PN curve over the bandwidth [5]. As such, it also increases with increasing BW. We can conclude that increasing the frequency and possible BW of operation as planned for operation between 52.6GHz and 71 GHz will have a detrimental effect on the performance of the system. 

In an OFDM system transmitted through a flat channel with the signal only affected by PN,  the PN can be separated into two components [5]. The first component is a Common Phase Error (CPE) that is added to every subcarrier and is proportional to its value multiplied by a complex number. It affects every subcarrier equally. Typically, the CPE is easily corrected with the assistance of the Phase Tracking Reference Symbol (PTRS) in Rel-15/Rel-16. The second component is an Inter-Carrier-Interference (ICI) error that is the summation of the information of the other  sub-carriers each multiplied by some complex number and has appearance of Gaussian noise. Typically, the ICI is not easily corrected although it can be corrected by using more complex signal processing at the receiver. 

The SCS selected determines the ratio of CPE to ICI. At the SCS increases, a larger portion of the total PN is CPE and a smaller portion is ICI.  This behavior is illustrated in the Figure 2. Ideally, selecting a very large SCS results in a large, correctable CPE, behavior. 
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[bookmark: _Ref40216935]Figure 2: PSD of the Phase Noise with CPE and ICI based on the SCS

To study the effect of SCS on CPE and ICI, we use the PN model Example 2 based on the agreement in [12] with the assumptions in Table 9 to estimate the total phase noise variance in rad2 and associated CPE and ICI variances for different candidate SCSs and different BWs.  The validity of this PN model are subject to an LS to RAN4 sent in RAN1 #101-e [17] and discussions on its validity can be found in [16].

Table 4 shows the total PN for different BWs and SCSs. In the following description, we will identify an entry based on three items e.g. 29.55 GHz  with a BW of 400 MHz and an SCS of 120 kHz will be identified as (29.55, 400, 120). In the table, two entries are shown that correspond to Rel-15/Rel-16 numerologies and are shown in green: (29.55, 400, 120) and (45, 400, 120). Two candidate parameters for NR operation between 52.6 GHz and 71 GHz are shown in yellow for  (60, [400,  2000], x).  The results show a significant increase in the total PN in a system operating at 60 GHz with the effects of phase noise increasing as the frequency and bandwidth increase. 

[bookmark: _Ref40217275]Table 4: Total Phase Noise
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In Table 5, we identify the CPE and ICI PN values for different values of SCS and different BWs. The CPE and ICI are estimated for SCSs ranging from 120 kHz, through 960 kHz with the values for existing numerologies in Rel-15/Rel-16 highlighted in green. As an example, with (45, 400, 120), we have a CPE PN variance of 0.0073 rad2 and an associated ICI variance of 0.0060 rad2. 

Assuming no change in the data transmission SCS from Rel-15/Rel16 (i.e. SCS = 120 kHz), for (60, y, 120) we see a CPE PN variance increase to 0.0131. However, we see a marked increase in ICI as the BW increases from 400 MHz to 2000 MHz. This illustrates the increase in PN with increasing BW. Given that the CPE is easier to correct, these results motivate the need to increase the SCS for data transmission at higher frequencies and higher bandwidths or limit the overall bandwidth per component carrier to limit the need for much higher SCSs. 

One design methodology is to choose a level of ICI variance approximately equal to that for Rel-15/Rel-16 i.e. (45, 400, 120) at 0.0060 rad2 on the assumption that the CPE will be cancelled, and the ICI will exist as residual interference. This will allow the residual PN from the ICI to be approximately the same as Rel-15 and prevent the need for a drastic redesign to accommodate a larger ICI.  Based on this metric we can infer the following:

· At 60 GHz  and 400 MHz, 120 kHz will have a very large ICI. > 240 kHz should be selected. 
· At 60 GHz and 2000 MHz, 240 kHz will have a very large ICI. > 480 kHz should be selected. 
· 960 kHz can be used for all BWs.

This illustrates the effects of SCS and bandwidth on the CPE and ICI PN and shows that the bandwidth and the SCS should not be selected independently. 
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Observation 5: The total PN increases when compared to below 52.6 GHz operation.

Observation 6: The bandwidth and the SCS should not be selected independently.

Effect of the Cyclic Prefix
In Rel-15/Rel-16, a CP with an overhead of 7% is used except for two symbols in the subframe with a longer cyclic prefix to ensure that the subframe and slot boundaries always coincide. In Table 6, we show the CP lengths of the normal symbols (all symbols except for the 2 symbols equalizing the sub-frame and slot boundaries) for all SCSs from 15 kHz through 960 kHz. The entries for the existing numerologies are highlighted in light green [9].


[bookmark: _Ref40450235]Table 6: CP lengths for various SCS for normal symbols [image: ]

Any SCS selected should be such that its cyclic prefix can be set at 7% and be able to cover the effective delay spread of the resulting channel after beamforming.  Selection of an SCS that results in a CP less than this delay spread will result in intercarrier interference. As such, the delay spread after beamforming sets a lower limit on the SCS. In [8], it is shown that the effective delay spread after beamforming could be problematic for the 960 kHz SCS with a duration of 73 nsecs. As such, the maximum SCS selected could be set to 480 kHz or the CP length for an SCS of 960 kHz may have to be adjusted with an attendant increase in overhead. All these have to be investigated. 

In summary, selection of the SCS is as a result of a trade-off between reducing the non-correctable phase noise by increasing the SCS, reducing inter-carrier interference due to a small CP by increasing the SCS and selecting a bandwidth such that the ICI PN does not become unmanageable. Note that to estimate this would require actual simulations and not just analysis with a common set of assumptions. The SI should use assumptions from the original NR study item as a baseline with updates based on the decisions that have been made since then.

Observation 7: As the SCS increases, there is a trade-off between the CP required for the delay spread after beamforming (reducing the cyclic prefix and increasing the irreducible noise floor), the phase noise (reducing the PN inter-carrier interference) and the bandwidth of operation.

Numerology Summary
In this section, we summarize our discussions on the choice of the numerology with the effect of each discussion point on the different SCSs captured in Table 7.  As can be seen, 240, 480 kHz and 960 kHz seem to be viable SCS candidates for NR operation between 52.6 GHz and 71 GHz. However, there is a need for performance evaluation to make the final decisions due to the interaction of multiple parameters on the choice. 
[bookmark: _Ref40221889]Table 7: Summary  [image: A screenshot of a video game
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One additional element to consider in the choice of SCCs is that in the design of Rel-15, multiple elements were selected assuming a frequency of 480 kHz to “future-proof” the specification. Examples include:
· 

In [9], unless otherwise noted, the size of various fields in the time domain are expressed in the basic Time Units for NR. The Time Units  where  Hz (the SCS)  and  (the FFT size).
· In [14], the RRC parameter tdd-UL-DLConfigurationCommon that is broadcast as part of SIB-1, contains multiple fields (e.g. nrofDownlinkSlots, nrofUplinkSlots) that are defined with a current maximum of 80 corresponding to the number of slots in a 10 msec period for the current maximum data transmission SCS of 120 kHz in Rel-15/Rel-16. However, the parameter maxNrofSlots, i.e. the Maximum number of slots in a 10 ms period, is set to 320, corresponding to a SCS of 480 kHz.
From these examples, we see that the use of SCS > 480 kHz needs to be justified to reduce the specification impact on the currently “future-proofed” specification.


 Observation 8: A maximum SCS of 480 kHz has been used for multiple elements of the Rel-15/Rel-16 specification. The use of SCS > 480 kHz should be justified to reduce the specification impact.

Proposal 4: RAN1 to study the performance based on  selecting 120 kHz, 240 kHz and 480 kHz as SCS candidates for NR operation between 52.6 GHz and 71 GHz. 

Proposal 5: RAN1 to justify performance and specification impact of selecting  960 kHz as an  SCS candidate.

Proposal 6: Down-select SCS based on the phase noise reduction requirements of transmission at < 71 GHz, the bandwidth requirements  and the cyclic prefix required to mitigate the effect of the beam formed delay spread.
Effect of Numerology Choice on Signals, Channels, and Procedures
Modification of the SCS has effects on multiple signals, channels and procedures. In this section, we discuss the effect of a SCS increase on a subset of these issues.

PDCCH Monitoring

In Rel-15, PDCCH monitoring of search spaces is defined per slot with different feature groups defining a monitoring periodicity of once per slot (case-1) or multiple times per slot (case-2). Associated procedures such as overbooking and dropping are performed per slot. Also, the associated UE processing limits such as the maximum number of monitored PDCCH candidates per component carrier and the maximum number of non-overlapped CCEs per component carrier are also defined per slot. In Rel-16, PDCCH monitoring of search spaces for URLLC is defined per span (a sub-set of a slot), allowing multiple spans to be processed within a slot for SCSs of 15 kHz and 30 kHz. The associated procedures and the UE processing limits are defined per span.

With a reduction in the symbol duration associated with an increase in the SCS, the UE may be required an increase in its PDCCH processing capabilities compared with Rel-15/Rel-16 operation. In one simple example, an increase in SCS to 480 kHz may require processing 4 times as many slots as a 120 kHz system in the same amount of time. As such, the PDCCH processing procedure as well as the capability limits may need to be modified. 

As a first step, given that Rel-16 PDCCH monitoring for URLLC is only applicable to 15 kHz and 30 kHz, we may eliminate it from consideration i.e. no sub-slot based PDCCH monitoring as in Rel-15 Case 2. 

To manage the PDCCH monitoring complexity, we may simply use the Rel-15 Case 1 design and modify the UE processing limits accordingly. Alternatively, we may define PDCCH monitoring limits  over a group of slots as opposed to a slot  in Rel-15 or a span in Rel-16. This allows defining PDCCH complexity over multiple slots while scheduling single or multiple PUSCH/PDSCH instances within (same slot-group scheduling) or across slot groups (cross-slot/cross-slot-group scheduling). The PDCCH monitoring procedures such as overbooking and dropping as well as the UE processing limits may be defined over the slot group. A simple illustration is shown in Figure 3 below. This example mirrors FG 3-1 in Rel-15 in which PDCCH monitoring occurs in the first three symbols of the slot. In this case, PDCCH monitoring occurs within the first X symbols of the slot group.
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[bookmark: _Ref47718216]Figure 3: Slot group with X symbols at the beginning of the slot group

Proposal 7: Study mechanisms to limit the increase in PDCCH monitoring complexity with any change in the SCS

Processing Times
In the existing NR specifications, multiple timing parameters are defined based on the number of slots. Examples include any one of the following: 

· Processing delays:
· N1: numbers of OFDM symbols required for UE  processing from the end of PDSCH reception to earliest possible start of ACK/NAK transmission.
· N2: Number of OFDM symbols from PDCCH to earliest possible start of PUSCH
· N3: Number of OFDM symbols between 2nd DCI and first HARQ-ACK to allow for multiplexing 
· Scheduling/HARQ Feedback timing:
· K0: Slot offset between DL allocation and DL data reception. 
· K1: delay between DL data reception and corresponding HARQ-ACK feedback on the UL. This has to be greater than N1
· K2: delay between UL grant reception in the DL and corresponding UL data transmission [38.214, Section 6.1.2.1]. This has to be greater than N2.

The different processing delays and HARQ/scheduling feedback timing are shown below in Figure 4.
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[bookmark: _Ref47718347]Figure 4: Scheduling/HARQ Feedback Timing and UE Processing Delays


As all of these parameters are defined per slot, reducing the symbol duration associated with an increase in SCS implies that the values of the parameters may need to be increased for the same amount of processing time as illustrated in Figure 5. 
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[bookmark: _Ref47718442]
Figure 5:Comparison on the number of slots in a specific time for different SCSs

Unless there is a major increase in UE complexity, an increased number of slots resulting from the increase in SCS will be needed.

We illustrate this with a discussion on the PDSCH processing time (K1). The current values of K1 for PDSCH processing capability 1 are illustrated in Table 8. This increase will impact multiple elements in the specification such as DCI signaling for HARQ delay and UE scheduling. For HARQ ACK feedback, it may result in an increase in the number of HARQ ACK processes that need to be active at a given time and an increase in the overall size of the HARQ ACK codebook. 


[bookmark: _Ref47693992]Table 8: PDSCH Processing Time
[image: A screenshot of a cell phone

Description automatically generated]

Proposal 8: RAN1 to modify the UE timing parameter values and their associated signaling. 

Proposal 9: RAN1 to modify the design of the HARQ feedback mechanism to accommodate timeline changes from the increased number of slots due to a possible increase in the SCS. 

PTRS

As discussed in Table 5, to keep the ICI PN at the levels of Rel-15/Rel-16 we require an increase in SCS over Rel-15/Rel-16. This results in an increase in the CPE compared with Rel-15/Rel-16, for example compared with the CPE for (45,400,120) at  0.0067 rad2, the CPE for (60, x, 480) results in a 6.4 dB increase at 0.0293 rad2, and the CP for (70, x, 960) results in a 6.9 dB increase at 0.0331 rad2. This implies that there may be a need to improve the Rel-15/Rel-16 PTRS design to account for the increase in CPE PN variance at the higher frequencies. Examples of improvements to the design suitable for the increased PN may include: 

· Allowing power boosting with power borrowed from frequency rather than from space as in Rel-15. This may be necessary especially if analog beamforming is used as power boosting from another port is only possible with digital beamforming. 

· Modify the PTRS or the signal processing for PTRS processing to track the time varying PN within each symbol for better performance. 

Proposal 10: RAN1 to study the need to update Rel-15 PTRS for both OFDM and DFT-S-OFDM to account increased CPE/ICI at higher frequencies.

Beam Management
Propagation loss and penetration losses increase with increasing frequency [1]. These losses are mitigated by  the use of analog or digital beam forming at the transmitter, the receiver or both. The small wavelengths at these frequencies facilitate the use of antennas with a large number of elements and result in a large number of beams with small beam widths. Enabling beam pair connectivity may require enhanced beam management procedures compared with Rel-15/Rel16 for both beam acquisition and beam tracking. 

Conclusion
In this contribution, we have discussed the issues raised in the SIG goal with a focus on the  feasibility of using existing waveforms for frequencies between 52.6 GHz and 71 GHz and have the following observations:
Observation 1: Mitigating the effect of phase noise in NR above 52.6 GHz  will require an investigation of the numerology of the existing NR design including larger SCSs, smaller cyclic prefix length and larger bandwidths.

Observation 2: Any modifications to the numerology will have an impact on multiple signals, channels and procedures. 

Observation 3: SCS  larger than 960 kHz  are not  considered for NR > 52.6 GHz.

Observation 4: There is a need for carrier aggregation to achieve the high bandwidth allocations in the unlicensed band between 52.6GHz and 71 GHz.

Observation 5: The total PN increases when compared to below 52.6 GHz operation.

Observation 6: The bandwidth and the SCS should not be selected independently.

Observation 7: As the SCS increases, there is a trade-off between the CP required for the delay spread after beamforming (reducing the cyclic prefix and increasing the irreducible noise floor), the phase noise (reducing the PN inter-carrier interference) and the bandwidth of operation.

Observation 8: A maximum SCS of 480 kHz has been used for multiple elements of the Rel-15/Rel-16 specification. The use of SCS > 480 kHz should be justified to reduce the specification impact.

Based on these observations, we make the following proposals: 

Proposal 1: The channel bandwidth can be set to 2.16 GHz for co-existence with the existing channel allocation in the 52.6 GHz to 71 GHz spectrum. 

Proposal 2: NR should study bandwidth and SCS combinations that minimize the effect on implementation complexity. 

Proposal 3: BW candidates should be multiples of 400 MHz and a UE should be able to indicate a component carrier bandwidth/SCS combination to achieve 2 GHz transmission if needed.

Proposal 4: RAN1 to study the performance based on  selecting 120 kHz, 240 kHz and 480 kHz as SCS candidates for NR operation between 52.6 GHz and 71 GHz. 

Proposal 5: RAN1 to justify performance and specification impact of selecting  960 kHz as an  SCS candidate.

Proposal 6: Down-select SCS based on the phase noise reduction requirements of transmission at < 71 GHz, the bandwidth requirements  and the cyclic prefix required to mitigate the effect of the beam formed delay spread.

Proposal 7: Study mechanisms to limit the increase in PDCCH monitoring complexity with any change in the SCS

Proposal 8: RAN1 to modify the UE timing parameter values and their associated signaling. 

Proposal 9: RAN1 to modify the design of the HARQ feedback mechanism to accommodate timeline changes from the increased number of slots due to a possible increase in the SCS. 
 
Proposal 10: RAN1 to study the need to update Rel-15 PTRS for both OFDM and DFT-S-OFDM to account increased CPE/ICI at higher frequencies.
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Appendix
[bookmark: _Ref40217125]Table 9: Analysis assumptions for waveform (45 GHz and 70 GHz)
	Assumptions
	Value

	Carrier frequency
	29.55, 45 GHz & 60 GHz 

	Channel 
	AWGN

	System bandwidth 
	45 GHz: 400 MHz, 
70 GHz: 400MHz, 2000 MHz

	Candidate SCSs
	120 kHz, 240 kHz, 480 kHz, 960 kHz

	UE antenna model
	(M, N, P, Mg, Ng) = (1, 1, 1, 1, 1) 

	TRP antenna model
	(M, N, P, Mg, Ng) = (1, 1, 1, 1, 1) 


	Phase noise model
	Follow the agreement in [12]
Uses PN model Example 2 of [15] of PN model 3. This models both a BS and UE PN model. 
Metric is the variance of the PN in rad2

	Phase noise Analysis
	Analysis is based on [5], [6], [7]
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