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Introduction
This document provides some views and analysis to progress the channelization details for the 57-71GHz frequency range.

 Current status & open issues
During RAN4#98bis-e, it was agreed to specify:
· An unlicensed band from 57-71GHz and, once regulations are clear, a licensed band from [66-71GHz].
· A minimum channel bandwidth of 100MHz for 120 kHz SCS. 
Then there were different viewpoints on other channelization aspects, with the following options suggested to be discussed further:
· Option 1: Align with IEEE 802.11ad/ay channels, i.e., fixed channelization like in NR-U (Charter, Qualcomm, Sony)
· Option 1A: Support sub-channelization for 2.16 GHz channels to facilitate smooth coexistence for narrowband operation (Nokia, CATT, Xiaomi, LGE)
· Option 2: Do not consider IEEE channels, i.e., floating raster like in NR system
· Option 3: More time to study (Huawei)
· Option 4: Fixed channelization and FFS on alignment to IEEE channels (MTK)
· Option 5: Do not consider IEEE channels, use a fixed raster (Ericsson)
 There were different views on whether aligning with IEEE 802.11ad/ay is actually useful to facilitate coexistence, considering aspects such as:
· Whether regulations require LBT or not
· That regulations do not define a channelization or a nominal channel bandwidth
· 3GPP has agreed to define channel bandwidths that are less than 2.16GHz in size, so a fully aligned mapping would anyway not be realistic. 
· Linkage to whether we define a 2000MHz or 2160MHz maximum channel bandwidth.
There was no specific discussion on the Synchronisation raster design for initial cell search, and this document discusses that further.

Further analysis on channelization for unlicensed band
3.1	“Alignment” to IEEE channels
The meaning of alignment to IEEE channels seems only truly meaningful for channels of 2.16GHz in bandwidth (which is still pending agreement). For smaller channel bandwidths (100-2000MHz), if 3GPP were to confine channels within 2.16GHz blocks, then this would lead to spectrum not being used by the 3GPP system, which seems undesirable.
When considering the ETSI EN 302 567 “c1” harmonised standard does seem to require LBT operation, the harmonised standards for “c2” and “c3” are still in draft form, but it is expected that the 3GPP NR-U specification for 57-71GHz range will not require LBT as the only means to coexist. 
In addition, due to the ability for the synchronization versus centre frequency of NR channels to be different from each other, it is assumed that only the NR-ARFCN location for 2.16GHz channel bandwidth would be relevant when considering alignment with IEEE channels. 
It is also assumed that ΔFRaster used would be 120 kHz in the 57-71GHz band, in alignment with existing specifications, so channel raster would have a 120 kHz granularity.
Observation 1: Alignment to IEEE seems only directly relevant in case we agree to define 2.16GHz channels, and only applicable to the channel raster.
Observation 2: It seems appropriate to minimum use ΔFRaster of 120 kHz in the 57-71GHz band, in alignment with existing FR2 specifications.

3.2	Synchronisation raster requirements
Synchronisation raster requirements for fully-floating channel raster
Regarding a Fully-floating channel raster, there are 2 potential approaches for the synchronisation raster:
· Existing FR1 and FR2 approach: GSCN spacing derived from “NRB for minimum channel bandwidth” and “SSB bandwidth” (i.e. spacing = NRB – SSB bandwidth)
· Derivation from current FR1 & FR2 approach with GCSN spacing derived from “Minimum Channel Bandwidth” and “SSB bandwidth” (i.e. spacing = MinCBW – SSB bandwidth)
They impose slightly different requirements on the GSCN spacing.
Synchronisation raster requirements for NR-U based channel raster
In case of a fixed channel raster (as used for n46 and n96), the “target” spacing between NR-ARFCNs and GSCNs is equal to the nominal channel bandwidth of the system (in this case would be 100MHz), selecting from current 17.28MHz spaced GSCNs.
Re-use or not of 17.28MHz GSCN granularity for FR2
The baseline synchronization raster spacing for FR2 is currently 17.28MHz for frequencies operating up to 100GHz. One could consider to reuse existing GCSN locations defined by that raster, or select a different value for 57-71GHz frequency range.
Impacts of the different approaches on cell search within 57-71GHz band
Table 1 below shows the impact on GSCN instances required from the different methods described above. The resulting impact on battery consumption and time for cell search will scale up further according to number of SSB beams per cell, and even more if additional SCS for SSB is defined.
Table 1: Impact of different Synchronisation Raster design choices
	Combination
	GSCN instances

	Existing FR1/2 floating with 3 x 17.28MHz GSCN spacing
	270

	Existing FR1/2 floating with 66.24MHz GSCN spacing
	211

	MinCBW-based floating with 4 x 17.28MHz GSCN spacing
	202

	MinCBW-based floating with 71.16MHz GSCN spacing
	196

	NR-U approach with approx. 100MHz GSCN spacing
	140

	NOTE: The input parameters to this analysis were: 
100MHz minimum CBW; 120kHz SCS for SSB (28.8MHz); NRB = 66, ΔFRaster = 120kHz



Observation 3: The NR-U type of synchronization raster approach with approx. 100MHz granularity enables the best cell search performance in terms of search time and power consumption.
Current GSCN granularity for FR2 is 17.28MHz. While Table 1 shows that to allow fully floating channel raster this would lead to some non-optimal GSCN instances, for an NR-U GSCN where locations are explicitly defined, rather than a fixed spacing, this does not add any more inefficiency.
Observation 4: For explicitly specified GSCNs (NR-U type of approach), reusing the current baseline synchronization raster to select GSCN locations does not lead to any reduction in system efficiency compared to a raster optimised for this band. 

3.3	Channelization flexibility
At least the EN 302 578 harmonised standard for 57-71GHz range in Europe requests one or more channel plans to be made available for verification, and NR-U may be deployed by end customers. 3GPP should probably aim for simplicity where possible to make life simple for regulatory approval and certification. More flexibility means more things to test and verify, and potential added cost, so 3GPP should probably not add unnecessary burden to the channel raster.
Observation 5: Flexibility in terms of channel raster for initial access should only be introduced where it is really justified, as unnecessary flexibility may add unnecessary cost and effort for NR-U deployments for 57-71GHz.
Selecting a Synchronization Raster with GSCNs at approximately 100MHz spacing does NOT necessarily imply that the Channel Raster needs to also have the same granularity, as the NR-ARFCN can be offset within the channel from the SSB/GCSN. For channel bandwidths of 100MHz and even more so for larger channel bandwidths, a 100MHz synchronization raster could still allow centre frequencies of those larger bandwidths to be floating when SSB with 120kHz SCS is used. This could be a useful tool in case that different regions allocate different band plans or emissions limits. 
Observation 6: A synchronization raster with 100MHz approximate granularity and SSB of 120kHz SCS can still allow some “floating” of NR-ARFCN locations around the SSB, especially so for higher channel bandwidths. This could be useful to consider if different countries/regions assign different band plans/requirements.

3.4	Channelization impact of specifying additional SSB with larger SCS
RAN1 Additional SSB with higher SCS for initial access would lead to the following additional impacts:
· Increased cell search time and power consumption for the UE, due to the need to search for more than one type of SSB configuration.
· In case of a fully-floating channel raster for 100MHz channels, either increased GSCN locations being required due to the wider SSB bandwidth OR reduced flexibility in the channel raster for 100MHz channels for given GSCNs. 
Observation 7: Specification of additional SSB with higher SCS for initial access would increase cell search time and power consumption for the UE. Also, in the case of a fully-floating channel raster, it would require more granular GSCN locations for a given level of required channel raster flexibility for 100MHz minimum channel bandwidth.

Conclusion & Proposal
The following observations were made in this document for channelization in the unlicensed band:
· Observation 1: Alignment to IEEE seems only directly relevant in case we agree to define 2.16GHz channels, and only applicable to the channel raster.
· Observation 2: It seems appropriate to minimum use ΔFRaster of 120 kHz in the 57-71GHz band, in alignment with existing FR2 specifications.
· Observation 3: The NR-U type of synchronization raster approach with approx. 100MHz granularity enables the best cell search performance in terms of search time and power consumption.
· Observation 4: For explicitly specified GSCNs (NR-U type of approach), reusing the current baseline synchronization raster to select GSCN locations does not lead to any reduction in system efficiency compared to a raster optimised for this band. 
· Observation 5: Flexibility in terms of channel raster for initial access should only be introduced where it is really justified, as unnecessary flexibility may add unnecessary cost and effort for NR-U deployments for 57-71GHz.
· Observation 6: A synchronization raster with 100MHz approximate granularity and SSB of 120kHz SCS can still allow some “floating” of NR-ARFCN locations around the SSB, especially so for higher channel bandwidths. This could be useful to consider if different countries/regions assign different band plans/requirements.
· Observation 7: Specification of additional SSB with higher SCS for initial access would increase cell search time and power consumption for the UE. Also, in the case of a fully-floating channel raster, it would require more granular GSCN locations for a given level of required channel raster flexibility for 100MHz minimum channel bandwidth.
Based on those observations, the following proposals are made:
For unlicensed band operation, specify a Synchronisation Raster with method based on NR-U bands, with explicitly defined GCSN locations spaced approximately 100MHz apart across the band. The exact locations should be further discussed, but are proposed to be a subset of the existing 17.28MHz-spaced GCSN locations for FR2.
For unlicensed band operation, specify a Channel Raster with a fixed channelization for all channel bandwidths (similar to NR-U). 
If a 2.16GHz channel bandwidth is defined, then the selected NR-ARFCNs for those channels shall align closely to the IEEE 802.11ad channelization.
If identified as needed for unlicensed band operation in specific regions/countries, consider further the approach of adding some more flexibility in the channel raster, but limited by the proposed approx. 100MHz-spaced synchronisation raster. This type of approach could also be useful to consider for licensed bands at a later stage.

