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1.	Introduction
In RAN#86, a rel-17 SI covering support for NR in 52.6 – 71 GHz was approved. Based on the outcome of SI, a WI to extend the current NR operation to 71 GHz will begin after June (and was also approved) implying that both the SI and WI within rel-17 would be short.
The SI/WI aims to maximize the leverage of FR2 based implementations and minimize the specification burden. The possible extension of FR2 operation up to 71GHz is likely to necessitate the adoption of one or more new numerologies (i.e., larger subcarrier spacings). 
During the Study Item phase, RAN4 needs to carry out work needed to support the decision on waveform parameterization. During the WI, the RAN4 part of work also imply to specify new bands with corresponding BS, UE and RRM requirements. In this paper, an overview of the SI & WI is discussed and areas which would require further work is elaborated where a work split between RAN1 and RAN4 is proposed. In addition, a brief overview of spectrum situation and possible requirements is further discussed.
2.	Discussion
2.1	SI/WI and spectrum overview
The objectives of the SI to support NR in 52.6 -71 GHz described in [1] is as following:
· 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].
· Note: It is clarified that potential interference impact, if identified, may require interference mitigation solutions as part of channel access mechanism.   

According to the outcome of the study item on “Supporting NR above 52.6GHz” and leveraging FR2 design to the extent possible, the WI aims to extends NR operation up to 71GHz considering, both, licensed and unlicensed operation, with the following objectives:

· Physical layer aspects including [RAN1]:
· [bookmark: _Hlk26996217]New numerology or numerologies (µ value in 38.211) for operation in this frequency range. Addressing impact on physical signals/channels if any, as identified in the SI. 
· Time line related aspects adapted to each of the new numerologies, e.g., BWP and beam switching times, HARQ scheduling, UE processing, preparation and computation times for PDSCH, PUSCH/SRS and CSI, respectively. 
· Support of up to 64 SSB beams for licensed and unlicensed operation in this frequency range. 
· Physical layer procedure(s) including [RAN1]:
· Channel access mechanism assuming beam-based operation in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz. 
· Radio interface protocol architecture and procedures [RAN2]:
· For operation in unlicensed spectrum in this frequency range: Protocol aspects, as required, to specify the channel access mechanism for unlicensed operation in this frequency range.
· Core specifications for UE, gNB and RRM requirements [RAN4]:
· Specify new band(s) for the frequency range from 52.6GHz-71GHz. The band(s) definition should include UL/DL operation and excludes ITS spectrum in this frequency range.
· Specify gNB and UE RF core requirements for the band(s) in the above frequency range, including a limited set of example band combinations (see Note 1). 
· Specify RRM/RLM core requirements.
Note 1: The WI can be completed provided requirements for at least one band combination involving a new NR-U band is specified as long as it is in line with country-specific regulatory directives.
The SI is time limited and aims to settle the applicable numerology and sub-carrier spacing where according to SID, both RAN1 and RAN4 should be involved.
In the following chapters some overview of needed work and considerations is given.
2.1.1	Numerology and sub-carrier spacing
The studies around applicable sub-carrier spacing consist of few parts as following:
· Realistic antenna models and array sizes for link and evaluation simulations:
The antenna model relates to the beam pattern, which in turn relates to the expectations on delay spread (which impacts the CP length). The existing antenna parameterization needs to be re-visited and depending on the deployment scenarios, possible array sizes to be decided. Discussion on antenna model and parameterization can be done in RAN4 and the outcome used to confirm RAN1 assumptions used for the assessment of channel properties. The antenna models and parameterization is addressed in [3].
· Relevant channel models including the delay spread.
This is more of a RAN1 task to decide on relevant channel models and their properties.
· Realistic model for phase noise both for UE and BS.
There is an LS from RAN1 to RAN4 requesting the applicability of existing phase noise models derived during NR rel 15 work. The phase noise models and applicability of existing models considering recent data on state-of-the-art PLL is investigated in detail in [5] where new phase noise models based on is proposed.  As a response to RAN1 on phase noise models, it is proposed to use the new phase noise models which captures the PLL technology envelope [4].
· Link simulations to decide the optimum SCS
Considering the evaluation need taking to account PHY aspects as well as using models for phase noise and antenna arrays (to be provided by RAN4), RAN1 should take the lead on settling applicable numerology and SCS.
It should be noted that depending on the deployment, output power, licensed and unlicensed usage, multiple numerologies could be decided and should be considered when RF requirements are concerned.
Thus we propose the following:
Proposal 1: 
RAN1 should take a lead in deciding the applicable numerology and sub-carrier spacing for NR in 52.6 – 71 GHz while RAN4 assist by providing up-to-date phase noise and antenna parametrization & models.
2.1.2	Minimum and maximum bandwidths
Considering the applicable bandwidths, the minimum bandwidth is decided by sub-carrier spacing and SSB design and thus the minimum bandwidth will merge as soon as the physical layer parametrization is settled. For defining the maximum supported bandwidth, in addition to FFT size and sub-carrier spacing, additional consideration around feasibility of ultra-wideband BS and UE implementation considering relevant key technologies is needed and thus the need for RAN4 specific studies. It implies that RAN4 requirement work for RF requirements should have an early start. In addition, given FFT size similar to NR, different numerologies might result in different maximum and minimum bandwidths. We thus propose the following:
Proposal 2: 
RAN1 and RAN4 should be involved in deciding the maximum carrier bandwidth where RAN4 should investigate the feasibility aspects of ultra-wideband implementations as well as early start of RF requirement work.
2.1.3	Spectrum utilization
In the light of new larger sub-carrier spacing and ultra large bandwidths for 52.6-71 GHz at least for unlicensed, spectrum utilization depending on the transmitter unwanted emission as well as receiver ACS and blocking would coming requirements should be addressed in RAN4. It should be noted that the modulation spectra degrades at higher sub-carrier spacing (as depicted in Figure 1) where similar requirements as FR2 existing frequency bands would require more attenuation for 52.6-71 GHz given the expected larger SCS. Furthermore, the requirements on unwanted emissions mask and blocking, which directly impact the amount of attenuation needed, may differ from other frequency ranges.
Possible confinement schemes and needed complexity reduction due to larger array sizes for these frequencies should be considered. We thus propose the following:

Proposal 3: 
RAN4 should take a lead deciding the spectrum utilization as well as feasibility of different confinement schemes which also imply early start of requirement work.
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Figure 1	Modulation spectra for different example sub-carrier spacing


2.1.4	Spectrum, regulation and possible band-plan
In [4], the spectrum situation based on ITU Radio Regulation and some regional allocations was investigated, and a brief summary of ITU regulation and current regional licensing is presented in Table 1 and Table 2 respectively.
Table 1: Frequency bands in the range 52.6 to 116 GHz in ITU radio regulation
	Frequency band (GHz)
	Allocated to Mobile Service on a primary basis
	Allocated to Fixed Service on a primary basis
	Comments

	52.6-54.25
	No 
	No
	EESS (passive) and SRS (passive), 
All emissions are prohibited in this band, footnote 5.340

	54.25-55.78
	No
	No
	EESS (passive) and SRS (passive)

	55.78-59 
	Yes
	Yes
	EESS (passive) and SRS (passive)
This band available for high-density applications in the fixed service, footnote 5.547

	59-59.3
	Yes
	Yes
	EESS (passive) and SRS (passive)
Radiolocation

	59.3-64
	Yes
	Yes
	Radiolocation

	64-65
	Yes
	Yes
	This band available for high-density applications in the fixed service, footnote 5.547

	65-66
	Yes
	Yes
	This band available for high-density applications in the fixed service, footnote 5.547

	66-71
	Yes
	No
	WRC-19 AI 1.13 frequency band, sharing and compatibility studies and potential limitations information in section 2.2. 



In table 2, symbol ‘U’, and ‘L’, represent unlicensed spectrum and licensed spectrum respectively. 
Table 2	 Current Licensing situation for some countries between frequency 52.6GHz and 71GHz
	Region
	Country
	Frequency (GHz)

	
	
	52.6-54.25
	54.25-55.78
	55.78-56.9
	56.9-57
	57-58.2
	58.2-59
	59-59.3
	59.3-64
	64-65
	65-66
	66-711)

	ITU Region 1
	Europe/CEPT
	
	
	
	
	U (Mobile)
	

	
	Israel
	
	
	
	
	
	
	
	
	
	
	

	
	South Africa
	
	
	
	
	U (Mobile)
	U (Mobile)
	

	ITU Region 2
	USA
	
	
	
	
	U (Mobile)

	
	Canada
	
	
	
	
	U (Mobile)
	
	
	

	
	Brazil
	
	
	
	
	U (Mobile)
	
	
	

	
	Mexico
	
	
	
	
	U (Mobile)
	
	
	

	ITU Region 3
	China
	
	
	
	
	
	
	U (Mobile)
	
	
	

	
	Japan
	
	
	
	
	U (Mobile)
	

	
	Korea
	
	
	
	
	U (Mobile)
	

	
	India
	
	
	
	
	
	
	
	
	
	
	

	
	Taiwan
	
	
	
	
	U (Mobile)
	

	
	Singapore
	
	
	
	
	U (Mobile)
	

	
	Australia
	
	
	
	
	U (Mobile)
	

	NOTE 1: Access regime currently under discussion in CEPT



As indicated in Table 2, the 66-71 GHz is allocated to unlicensed usage only in USA and there is a possibility to have licensed usage in some other regions. In addition, the objective of SI/WI for 52.6-71 GHz should consider both licensed and unlicensed spectrum, RAN4 need to investigate possible regional allocations and ongoing activities as well as existing regulatory framework and reasonable band-plan for both licensed and unlicensed. There is some chance that regulatory considerations could impact the specification changes needed to support NR with the existing waveform in this range, and thus fall into the scope of the SI. We thus propose the following:
Proposal 4: 
RAN4 should take a lead investigating the spectrum and regulatory aspects as well as propose possible band plan for frequency range of 52.6-71 GHz.

2.1.5	Investigating key technology trends
As RF performance degrades over frequency and the available size shrink, the necessity of investigating technology trends and feasibility and achievable performance of key technologies is more accentuated. As an example, the degraded available power and efficiency of a PA at higher frequencies implemented in reduced area, implies even more difficult thermal challenges both for UE and BS. 
In addition to power amplifiers, the receiver performance, phase noise, filtering aspects and complex dependencies between essential design parameters become difficult to master and thus need to be considered. The PA trends is further elaborated in [5]
As discussed in rel-15 FR2 related work, similar technologies are used both for BS and UE but scaled differently in terms of array size. For 52.6-71 GHz SI/WI same approach can be used where the technology trend analysis can be used in both BS and UE context.
The technology performance impacts the ability to achieve link budget, which in turn impacts the array size. Also the ability to meet emissions requirements are impacted, which relates to bandwidth and spectrum utilization considerations. Thus, in assessing the impact to the specifications of extending operation of NR with the existing waveform, it is important to consider what impact technology performance will have on the scope of the necessary standards changes,
Due to extent of the work, RAN4 need to have an early start around the technology trend and performance analysis which also imply the need on early start of requirement work. The discussion around some key technologies such as PA, antennas and phase noise is initiated in [3 & 5].
We thus propose the following:
Proposal 5: 
RAN4 should take a lead investigating the trends for key technologies such as PA receiver, filters etc at early stage.
2.2	Requirement overview
The discussion in this section uses the NR FR2 BS requirements as a baseline where possible additional considerations are discussed on a per requirement basis. Both transmitter and receiver requirements for 52.6-71 GHz are considered.
2.2.1	Operating bands and channel arrangement
Beside the addition of new operating bands (both licensed and unlicensed), new channel bandwidths which can be as high as ~2 GHz for unlicensed can be anticipated. If multiple numerologies are specified, multiple channel bandwidths should be considered independently for licensed or unlicensed usage.
The spectrum utilization for new numerologies and channel bandwidths should be investigated in detail when RAN1 has settled the new numerology where the spectrum utilization should match or be better than the incumbent technologies. 
In addition, new channel raster, new channel spacings and synchronization raster need to be specified.
The channel bandwidths and channel arrangement does not necessarily be the same for licensed (66-71 GHz) or unlicensed bands pending on e.g. the need for LBT and LBT bandwidth.
2.2.2	OTA base station output power
The power related requirements can be adopted from FR2 with some modifications, but the levels would require a re-visit due to large channel bandwidths. As an example, total power dynamic range covering the power relation between full PRB allocation and single PRB allocation need to consider the ripple over large carrier bandwidths where the degradation of single PRB power accuracy due to ripple should be taken to account.
The off power and transient period requirements can use similar approach as FR2 but requirement  levels need to be adapted for 52.6-71 GHz.
2.2.3	OTA transmitted signal quality
The frequency error can be re-used from FR2. Depending on the supported modulation order, the FR2 EVM requirements can be re-used. 
In addition, the FR2 time alignment requirements can be re-used for 52.6-71 GHz.
2.2.4	OTA unwanted emissions
The in-band unwanted emissions such as ACLR and emission mask need to be studied in detail considering both the co-existence studies as well as feasibility aspects. The FR2 mask differs from IEEE mask implying that not only the requirement levels but also shapes of the mask could differ between licensed and unlicensed bands within 52.6 – 71 GHz.
For licensed operation, the shape of FR2 unwanted emission mask can possibly be re-used while for unlicensed, the IEEE mask could be a choice. Note that for both licensed and unlicensed due to larger bandwidths and frequency band size, the ΔfOBUE should be adapted.
2.2.4	OTA transmitter spurious emissions
For general spurious emission requirements there is already category A and category B requirements applicable in different regions. As new larger bandwidths are anticipated for operation in 51.6-71 GHz for both licensed and unlicensed bands, the transmitter spurious emission concept for FR2 can be re-used with possible modification of frequency steps (Fstep,x).
In addition, the spurious emission requirements are applicable up to 2nd harmonic, implying that for possible licensed spectrum 66-71 GHz, the upper limit for spurious emission would be at 142 GHz. As there are limitations in both OTA chambers and upper frequency ranges of the measurement instruments, the upper frequency range of up to 2nd harmonic need to be re-visited and restricted.
2.2.5	OTA reference sensitivity level
The reference sensitivity concept from FR2 can be re-used for frequency bands within 52.6-71 GHz based on specifying a range. The levels need to be re-vised considering the new numerologies, bandwidths and corresponding FRC link simulations. In addition, the achievable Noise Figure (NF) for frequency ranges within 52.6 – 71 GHz needs to be further studied.
2.2.5	OTA in-band selectivity and blocking
FR2 concept can be adopted for 52.6 – 71 GHz for ACS and in-band blocking with revised level and interferer type based on co-existence simulations and corresponding interferer level statistics. Depending on the channel bandwidths and frequency bands, ΔfOOB would require a re-visit.
The out-of-band blocking requirements for frequency bands within 52.6-71 GHz can re-use the concept from FR2 but the interferer frequency up to 2nd harmonic (up to 140 GHz) should be restricted similar to spurious emission requirements. In addition, the step size for CW interferer could be increased to reduce the number of test points.
There is a need to investigate the feasibility of generating OOB blocking interferer level of 0.1 v/m at very high frequencies and in case proven non-feasible, the level should be adapted to a more feasible level.
2.2.6	OTA receiver spurious emissions
As described for transmitter spurious emission, for receiver spurious emission the FR2 concept can be reused with some modifications e.g. frequency steps (Fstep,x) .
In addition, the receiver spurious emission requirements are applicable up to 2nd harmonic, implying that for possible licensed spectrum 66-71 GHz, the upper limit for spurious emission would be at 142 GHz. As there are limitations in both OTA chambers and upper frequency ranges of the measurement instruments, the upper frequency range of up to 2nd harmonic need to be re-visited and restricted.
2.2.7	OTA receiver intermodulation
The FR2 concept can be re-used for receiver intermodulation where interferer type, level and offsets would need to be adapted to new numerology and channel bandwidths.
2.2.8	OTA in-channel selectivity
During the FR2 studies in RAN4, the question around the need for in-channel sensitivity was raised and simulation campaigns were conducted indicating small difference between wanted and interfering signal. Before using the FR2 concept for in-channel selectivity with needed adaptations, more studies would be needed to conclude on the need for in-channel selectivity requirements.

3.	Conclusion
In this paper, an overview of new SI and WI and spectrum aspects for introducing NR in 52.6 – 71 GHz is elaborated. Since both the SI and WI should fit within rel-17, a work split as well as areas which would require early work is discussed.
In addition, an overview of possible requirements for frequency ranges of 52.6-71 GHz was discussed. It was concluded that for most requirements, the FR2 concept on a per requirement basis can be used but given the new numerology and channel bandwidths some adaptations would be needed. For some requirements, in addition to co-existence simulations, studies on feasible levels might be needed.
We propose that RAN1 to take a lead on numerology and sb-carrier spacing while RAN4 can support with antenna and phase noise models. It was also concluded that RAN4 work on key technology trends as well as requirements would require early start, since these relate to the scope of the needed standards changes to extend NR operation.
The following was thus proposed:
Proposal 1: 
RAN1 should take a lead in deciding the applicable numerology and sub-carrier spacing for NR in 52.6 – 71 GHz while RAN4 could assist by providing antenna and phase noise models.
Proposal 2: 
RAN1 and RAN4 should be involved in deciding the maximum carrier bandwidth where RAN4 should investigate the feasibility aspects of ultra-wideband implementations as well as early start of RF requirement work.
Proposal 3: 
RAN4 should take a lead deciding the spectrum utilization as well as feasibility of different confinement schemes which also imply early start of requirement work.
Proposal 4: 
RAN4 should take a lead investigating the spectrum and regulatory aspects as well as propose possible band plan for frequency range of 52.6-71 GHz.
Proposal 5: 
RAN4 should take a lead investigating the trends for key technologies such as PA receiver, filters etc at early stage.
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