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1	Introduction
During RAN4#98bis-e meeting system parameters were discussed for WI involving extension of current NR operation to 71 GHz.  System parameters are required to be studied and agreed within RAN4 as it is a dependency on BS or UE requirements.  As now minimum channel bandwidths, shown below, for supported numerologies have been agreed the work begins on developing a channel raster.  

	Subcarrier spacing [kHz]
	Minimum bandwidths [MHz] 
	Maximum bandwidths [MHz] 

	120
	100
	400 

	480
	400 
	1600

	960
	400
	TBD



RAN1 also has not started to study the implications of the channel raster of which RAN4 shall need to decide, although some aspect such as UE SSB search time has already begun to be discussed.  The focus of this contribution is to provide analysis on impacts of the agree bandwidths on, channel raster and spectrum utilization selections.
2	Discussion
The FR2 covers the frequency range 24.25 – 52.6 GHz and as the extension of this range up to 71 GHz may lead to various system parameters also being extended or reused, but this would need a parameter by parameter analysis and check on impacted requirements.     

2.1	Channelization Design
During Rel-15 the channel and sync rasters were designed with the goal of maximizing configuration flexibility, while simultaneously avoiding large UE search complexity. In the end, a very fine channel raster granularity of 60 kHz and a much more coarse sync raster granularity of 17.28 MHz was adopted to achieve this joint goal. We refer to this as a "floating" channelization design in this paper. On the other hand, in Rel-16 for NR-U in the 5 and 6 GHz bands, an alternative approach was taken by adopting a "fixed" channelization design (fixed set of ARFCN/GSCN values) since the flexibility aspect was not needed for that spectrum.  During RAN4#98bis-e initial discussions on “floating” channelization and “fixed” channelization was discussed for the 52.6 – 71 GHz band.  The floating/fixed choice was weighted against search complexity and the harmonization between licensed and unlicensed operation.  
For the Rel-15 “floating” design, any ARFCN and suitable GSCN can be chosen to configure a particular channel, with a global channel raster granularity of .    Prior to RAN1#104bis-e, 4 different SS/PBCH SCSs (120, 240, 480, and 960 kHz) were being discussed for the initial access use case, and hence it was observed the “floating” design may not be the best approach given that the UE would need to search many GSCNs corresponding to up to 4 different SSB SCSs see below from [2]:
	· Supports 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (240kHz, 480kHz, 960kHz) for SSB, and additional SCS(480kHz, 960kHz) for initial access related signals/channels in initial BWP.
· Study and specify, if needed, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access.
· Note: coverage enhancement for SSB is not pursued.


It was then during RAN1#104bis-e that the additional SCSs (240 kHz, 480kHz, 960kHz) for SSB would need to be decided by the end of the meeting.  Since no further agreements were made on supporting additional SSB SCSs for initial access, the Rel-15 floating design becomes more practical, thus avoiding significant RAN4 effort in designing a new channelization scheme for the 52.6 – 71 GHz band. Furthermore, additional search complexity savings can be realized by defining the band based only every 2nd GSCN value (sync raster granularity = 34.56 MHz).
Observation 1: UE SSB search complexity using “floating” raster is practical given only 120 kHz SCS is supported for initial access.
Proposal 1: RAN4 to adopt “floating” channelization design, as in Rel-15. 
For a given channel position (ARFCN), channel bandwidth, and SS/PBCH SCS, a suitable sync raster point (GSCN) needs to be identified. Depending on the sync raster (GSCN) granularity, there can be one or more valid GSCNs from which to choose. Generally, the resulting set of GSCNs is also usable for the larger channel bandwidths of the same SCS. If it is deemed necessary to reduce the UE search complexity, then one approach is to allow only every second GSCN point, resulting in a 50% reduction in search complexity.  In [3], it is shown from a RAN1 perspective that this is practical for a wide range of spectral utilization values down to 85%.  Additionally for NR in 52.6 – 71 GHz spectral utilization is needed to be further investigated and some further discussions can be found in Section 2.3 of this contribution. 
Proposal 2:  RAN4 should consider reducing UE SSB search complexity if possible, such as defining the band such that every 2nd GSCN is valid (e.g. 34.56 MHz instead of 17.28 MHz sync raster granularity).
We first observe that the global channel raster with a granularity of 60 kHz defined in Section 5.4 of 38.101-2 extends up to 100 GHz; hence it already includes the frequency range 52.6 to 71 GHz.  An added simplicity when extending FR2 to this frequency range is no changes are required from a channelization point of view and designs from FR2 can be reused up to 71 GHz.  
Observation 2: Raster design currently extends up to 100 GHz and therefore already includes frequencies up to 71 GHz.
The desire from RAN4 to have a harmonized raster between unlicensed and licensed could take advantage of the “floating” design’s flexibility to consider potential coexistence with other technologies specifically in 960 kHz subcarrier spacing numerology.  
Observation 3: Channel flexibility is beneficial for harmonizing licensed and unlicensed as well as any potential coexistence with other technologies.

2.3	Spectrum Utilization
The detailed level of spectrum utilization for NR in 52.6-71 GHz for supported numerologies and channel bandwidths would require detailed investigation once the supported channel bandwidths as well as transmitter in-band and receiver ACS/Blocking requirements are more or less settled. The transmitter in-band requirements such as ACLR and receiver ACS will translate to channel filter needed attenuation requirements. As spectrum utilization is a common BS and UE system parameter, aspects around other requirements such as occupied bandwidth should be considered in particular for UE where for FR2, due to large spectrum utilization, the Occupied Bandwidth requirement become the strictest requirement in terms of in-band unwanted emissions resulting in reduced available UE power. As propagation conditions degrades over frequency, it is essential to have proper spectrum utilization levels to make sure that the MPR on the UE side is kept to a minimum to ensure reasonable coverage in UL.
Other factors influencing spectrum utilization for NR in 52.6-71 GHz is as following:
· Large array sizes with reduced physical size due to higher frequency, the filtering resources need to be optimized considering both size, power consumption and thermal aspects
· Large bandwidths of up to 2.16 GHz where depending on requirement levels, the filtering could be more challenging depending on ACLR, ACS and occupied bandwidth.
· Higher SCS resulting in higher modulation spectra as 960 kHz SCS will have at least 9 dB higher modulation spectra compared to 120 kHz SCS. This implies that with similar requirement of e.g. OBUE or ACS, the filter attenuation need to be 9 dB higher for 960 kHz SCS compared to 120 kHz SCS.
Given the constrains discussed above, the re-use of similar FR2 spectrum utilization for NR in 52.6-71 GHz is not optimum and will result in unnecessary added complexity and performance and coverage loss.
It is thus proposed to further analyze the spectrum utilization around a reasonable and feasible spectrum utilization level of ~85% for involved numerologies for NR in 52.6-71 GHz. 
Observation 4: There are many factors influencing the spectrum utilization such as larger array size at lower physical size, ACS/ACLR and occupied bandwidth requirements, higher modulation spectra for higher SCS and coverage considerations to maintain high power efficiency due to coverage in particular for UE.
Observation 5: The re-use of FR2 spectrum utilization level is not optimum for NR in 52.6-71 GHz and spectrum utilization ~85% given further analysis around feasibility and efficiency aspects should be considered.

3	Conclusion
In this contribution the following key observations and proposals were outlined:
Observation 1: UE SSB search complexity using “floating” raster is no longer a challenge given only 120 kHz SCS is supported for initial access.
Observation 2: Raster design currently extends up to 100 GHz and therefore already includes frequencies up to 71 GHz.
Observation 3: Channel flexibility is beneficial for harmonizing licensed and unlicensed as well as any potential coexistence with other technologies.
Observation 4: There are many factors influencing the spectrum utilization such as larger array size at lower physical size, ACS/ACLR and occupied bandwidth requirements, higher modulation spectra for higher SCS and coverage considerations to maintain high power efficiency due to coverage in particular for UE.
Observation 5: The re-use of FR2 spectrum utilization level is not optimum for NR in 52.6-71 GHz and spectrum utilization ~85% given further analysis around feasibility and efficiency aspects should be considered.
Proposal 1: RAN4 to adopt “floating” channelization design, as in Rel-15. 
Proposal 2:  RAN4 should consider reducing UE SSB search complexity if possible, such as where every 2nd GSCN is valid (e.g. 17.28 MHz vs. 34.56 MHz sync raster granularity).
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