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In RAN#80, a new SID on NR beyond 52.6 GHz was approved [1]. This SI aims to study general aspects of NR operation in frequencies above 52.6 GHz such as target spectrum range, use cases, requirements, etc., which can facilitate 3GPP’s future relevant work and includes the following objectives:
1. Identify target spectrum ranges 
· Survey on global spectrum availability and regulatory requirements (including channelization and licensing regimes)
· For 60GHz bands, TR 38.805 can be a reference.
2. Identify potential use cases and deployment scenarios
3. Identify NR design requirements and considerations on top of regulatory requirements
This contribution provides input on Objective 3.
Discussion
NR already defines two waveforms, CP-OFDM for DL and DFTS-OFDM/CP-OFDM for UL. Therefore, the baseline of any waveform study should be CP-OFDM for DL and CP-OFDM/DFTS-OFDM for UL. A new waveform can be considered only if there are significant overall system gains relative to the baseline.  
Waveform
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: _Hlk2697404][bookmark: OLE_LINK14][bookmark: OLE_LINK15]NR already defines two waveforms: CP-OFDM and DFTS-OFDM. Any new DL waveform should be compared to CP-OFDM and, in order to be considered, demonstrate clear overall system gains over CP-OFDM. Any new UL waveform should be compared to CP-OFDM and DFTS-OFDM and, in order to be considered, demonstrate clear overall system gains. In case a single-carrier waveform is introduced the SI should focus on DFTS-OFDM since this maintains larger communality with existing NR design than other single-carrier waveform variants. 
To enable common baseband implementations between NR below and NR above 52.6 GHz, it is desirable to keep an integer ratio between clock rates of NR below and NR above 52.6 GHz. One possibility to achieve this would be to maintain the NR numerology scaling principle but extend to higher numerologies, i.e.  with an appropriate range of possible integer values for .
PAPR and cubic metric
At higher frequencies and especially in mmW frequencies, output power per transistor as well as power added efficiency decrease. One important parameter in this context is the Peak to Average Power Ratio (PAPR) which measures peak power normalized to average power. A high PAPR implies large peak power relative to average power and a power amplifier needs to be dimensioned to accommodate high peak powers. Alternatively, when not fully compensating for peak power, clipping and non-linear distortions increase negatively impacting link performance and out-of-band emissions.
DFTS-OFDM has lower PAPR than CP-OFDM. However, PAPR or cubic metric alone is not a sufficient metric. What matters in the end is the maximum possible output power while still fulfilling all relevant requirements such as EVM, in-band distortions, and out-of-band emissions. Most of these requirements are not yet defined and require hardware models for evaluation, RAN4 participation in the study is therefore needed.

MIMO and beamforming capabilities
For establishing a communication link in the very high frequencies, beamforming is most likely required at both ends of the link. Polarization diversity can be used for transmitting two spatial layers (streams) within a beamformed link. Assuming two beam transmissions (one beam per polarization), NR beyond 52.6 GHz should support at least spatial multiplexing with two layers. For more powerful nodes, it can be envisioned to support more than two layers. The minimum antenna/MIMO capability should therefore be for each node (gNB and UE) to support transmit and receive beamforming and two spatial layers.
To allow for analog beamforming with phase shifters in analog domain the baseline system operation should not require frequency selectivity within a beam, neither for gNB nor UE. 
Bandwidths
NR currently supports transmission bandwidth of up 400 MHz using a subcarrier spacing of 120 kHz. Due to phase noise sensitivity and maintaining reasonable FFT sizes (e.g. 4k FFT as in NR Rel-15) an increase in subcarrier spacing is needed. Assuming 960 kHz subcarrier spacing (if this is a feasible choice needs to be determined during SI phase) and 3300 useable subcarriers (same as in Rel-15) the maximum useable bandwidth becomes 3.2 GHz. Maximum transmission bandwidths in this range make sense considering the available spectrum beyond 52.6 GHz; it is furthermore also in the range considered by mmWave standards such as IEEE 802.11ad/ay (2 GHz and 4 GHz, respectively).
NR beyond 52.6 GHz is anticipated to operate in different bands with different maximum possible bandwidths. NR beyond 52.6 GHz should therefore – as NR does – support configurable transmission bandwidths.  
Fractional transmission bandwidths
In the UL, transmissions are often power limited. Therefore, utilizing the full transmission bandwidths of several GHz does not necessarily lead to best link performance. This is because the available power is spread widely in the frequency domain. Consequently, the channel estimation over the utilized bandwidth becomes a challenging task. The required data rates are also often less in the UL; an extreme example is the HARQ feedback that only requires a few bits. Transmitting (such) small packets in UL over the full bandwidth – due to coverage reasons potentially still over several symbols – negatively impacts UL capacity. Continues operation over very wide bandwidths can also result in higher power consumption. NR beyond 52.6 GHz should therefore support  transmission and reception over fractions of the configured transmission bandwidth. 
Spectrum regime considerations
From the summary document [2] can be seen that the frequency range beyond 52.6 GHz contains both spectrum under unlicensed spectrum regime as well as licensed spectrum. The SI on NR beyond 52.6 GHz should provide the foundation for both operations in licensed and unlicensed bands. Following 3GPP tradition we believe it is a good starting point to focus first on NR for licensed bands, followed by NR for unlicensed bands. Therefore, we suggest SI for NR-U for 60 GHz should not start at the same time as SI for NR beyond 52.6 GHz but should be postponed until the SI for NR beyond 52.6 GHz is finalized, or at least until it has reached substantial conclusions.
[bookmark: _Toc458153812]Conclusion
In this contribution we share our view on several design requirements for NR beyond 52.6 GHz. 
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