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Introduction
This document provides some views and analysis to progress the channelization details for the 52.6 – 71GHz frequency range.

 Current status & open issues
The following was the outcome of RAN4#99e:
Issue: Channelization on 52.6 – 71 GHz whether it should be harmonized or separated between licensed and unlicensed bands.
· Option 1: Harmonize channelization between licensed and unlicensed bands (Nokia):
· Option 1A: Align with IEEE with fixed channelization (Qualcomm, Charter)
· Option 1B: Do not align with IEEE with fixed channelization (vivo, MTK)
· Option 1C: Do not align with IEEE and floating channelization (Ericsson, ZTE, Huawei)
· Option 1D: CATT, CMCC
· Option 1D-1: Do not align with IEEE with fixed channelization for licensed and no LBT unlicensed bands.
· Option 1D-2: Align with IEEE with fixed channelization for LBT unlicensed bands. Try to harmonize option 1D-2 with option 1D-1 as much as possible.
· Option 2: Separate channelization (Apple, Xiaomi)
· For licensed:
· Option 2A: NR based floating raster (No 802.11ad/ay alignment) (Apple, Xiaomi)
· For unlicensed:
· Option 2B: Align with 802.11ad/ay and no NR channel overlaps with two IEEE channels (Apple, Xiaomi)
RAN#92e agreed the following for initial access:
· In addition to 120kHz, support 480 kHz SSB for initial access with support of CORESET0/Type0-PDCCH configuration in the MIB with following constraints:
· Limited sync raster entry numbers
· It is assumed that RAN4 supports a channelization design which results in the total number of synchronization raster entries considering both licensed and unlicensed operation in a 52.6 – 71 GHz band no larger than 665 (Note: the total number of synchronization raster entries in FR2 for band n259 + n257 is 599). If the assumption cannot be satisfied, it’s up to RAN4 to decide its applicability to bands in 52.6 – 71 GHz.
· only 480kHz CORESTE#0/Type0-PDCCH SCS supported for 480 kHz SSB SCS.
· SSB time domain candidate resource pattern (within a slot or pair of slots) for 480 and 960kHz SSB are identical
· Prioritize support SSB-CORESET0 multiplexing pattern 1. Other patterns discussed on a best effort basis.
· 960 kHz numerology for the SSB is not supported by the UE for initial access in Rel-17.
· Note: Strive to minimize specification impact by reusing tables for CORESET#0 and type0-PDCCH CSS set configuration defined for FR2 in Rel-15, as much as possible
· Note: 480 kHz is an optional SSB numerology for initial access for the UE. A UE supporting a band in 52.6-71 GHz must at least support 120 kHz SCS (for initial access and after initial access)
· Note: Dependency or lack thereof for a UE supporting 480kHz and/or 960kHz numerology for data and control to also support 480kHz SSB numerology for initial access is to be tackled as part of UE capability discussion.

Further analysis on channelization for unlicensed band
3.1	Fixed or fully-floating channelization rationale from past discussion
Based on RAN plenary agreement, 3GPP will define a 120kHz SCS SSB and a 480kHz SCS SSB for initial access. The minimum channel bandwidth applicable for the 120kHz SCS SSB is 100MHz, and the minimum channel bandwidth applicable to the 480kHz SCS SSB is 400MHz.

Some companies have been promoting fixed channelization. Benefits are:
· It will naturally imply more simplicity of the GCSN raster, reduced searching effort and reduced battery consumption compared to a fully-floating raster, as in n46 and n96 with a spacing that is equivalent to the minimum channel bandwidth.
· For unlicensed band technology/product certification, channelization needs to be declared and tested (at least according to existing ETSI approved EN 302 578), so the simpler the channelization scheme, better to minimise complexity/cost and to make 3GPP unlicensed technology attractive.

Some companies have been promoting a fully-floating channelization, Benefits are:
· It offers full flexibility for licensed spectrum operation for operators. However, it seems unclear how such flexibility would be useful for unlicensed band operation.

Observation 1: For unlicensed band operation, a “fully floating” channel raster has impact on UE energy consumption due to increased GSCN raster instances, as well as testing complexity for certification of 3GPP technology compared to other technologies. It is also unclear how such raster flexibility would be useful for unlicensed band operation, considering that the spectrum is free for use.

3.2	Impacts of channelization types on synchronisation raster
Clearly cell search time is important for UE battery consumption. 3GPP, as well as the industry and society in general is spending a lot of effort to minimise energy spend from systems. 
Unfortunately, 3GPP has already taken the strange decision to increase the required energy consumption required from the UE for 52.6-71GHz operation by introducing a second SSB for initial access. Therefore, we believe it is important to minimise the SSB instances as much as possible. 
In the last RAN4 meeting, companies seemed to suggest that we should maintain the 17.28MHz structure for GSCN instances as for FR2. We have modified the analysis we provided at the last meeting to simplify to these approaches, but also adding the impact of the additional 480kHz SCS SSB.
Table 1 below shows the minimum impact on GSCN instances required for different approaches for 57-71GHz.
- Approach 1 is for the case that ALL channel BWs needs to have fully-floating channelization.
- Approach 2 is for fixed or partial floating channelization with min BW spacing of GSCNs.
- Approach 3 is for fixed or partial floating channelization with GSCN spacing for 85% of min BW.
- Approach 4 allows for a periodic GSCN with moderate flexibility.
Table 1: Impact of different Synchronisation Raster design choices
	Solution
	Description
	GSCN instances

	Approach 1
	2 x 17.28MHz GSCN spacing for 120kHz SCS SSB
8 x 17.28MHz GSCN spacing for 480kHz SCS SSB
(85% SU assumed and allowing adjacent edge RBs)
	405 + 101 = 506

	Approach 2
	100MHz average GSCN spacing for 120kHz SCS SSB
400MHz average GSCN spacing for 480kHz SCS SSB
	140 + 35 = 175

	Approach 3
	0.85 x 100MHz average GSCN spacing for 120kHz SCS SSB
0.85 x 400MHz average GSCN spacing for 480kHz SCS SSB
	164 + 41 + 205

	Approach 4
	Periodic GSCN spacing of e.g. 4 x 17.28MHz for 120kHz and e.g. 18 x 17.28MHz for 480kHz SSB SCS
	202 + 45 = 247

	NOTE: The input parameters to this analysis were: 
· 57-71GHz band (14GHz of total spectrum)
· 100MHz minimum CBW for 120kHz SCS for SSB (28.8MHz); NRB = 59
· 400MHz minimum CBW for 480kHz SCS for SSB (115.2MHz); NRB = 59
· 85% spectrum utilization



Observation 2: The NR-U type of synchronization raster of Approach 2 with approx. 100MHz/400MHz granularity for the respective SSB SCSs enables the best cell search performance in terms of search time and UE energy consumption. 

Observation 3: If a fully-floating channel raster were required for minimum channel bandwidth ARFCNs, quite a large number of GSCN instances are required unless there is increased flexibility in CORESET#0 offset.

3.3	Floating channelization for licensed bands with approx. 100MHz/400MHz GSCN raster
Even if the GSCN raster has a 100MHz spacing between locations, the main restriction in terms of channelization seems to be on the applicable ARFCN locations of 100MHz bandwidth channels. With an approximate 100MHz GSCN spacing (e.g. using 5 x 17.28MHz and 6 x 17.28MHz, similar to n46 and n96 approach), a fully floating channel location should be feasible for channel bandwidths ≥ 200MHz (120kHz SCS SSB) and ≥800MHz (480kHz SCS SSB), pending CORESET#0 configuration flexibility around the SSB. 

For minimum channel bandwidths for each SSB SCS, there would be partial flexibility in terms of the ARFCN locations with 100MHz/400MHz GSCN granularity. 

More generically, one could question whether a full ARFCN flexibility (120kHz, 480kHz ARFCN granularity) for 100MHz, 400MHz bandwidths is really justified across the full 57-71GHz range considering that this flexibility seems to be more for relevant (if at all) licensed spectrum. It seems best to consider such flexibility when defining such a licensed band rather than going for the worst case scenario for the whole range.


Observation 4: For licensed bands, a GSCN raster with approx. 100MHz/400MHz spacing could be sufficient to allow (with some CORESET#0 configuration flexibility):
· a fully-floating channelization for channel bandwidths ≥200MHz for 120kHz SCS SSB and ≥800MHz for 480kHz SCS SSB 
· a partially-floating channelization even for minimum channel bandwidths
More flexibility could be introduced in future if well justified.

Observation 5: We don’t believe that defining a full ARFCN flexibility (120kHz, 480kHz ARFCN granularity) for 100MHz/400MHz bandwidths (worst case scenario) is really justified across the full 57-71GHz range at this stage, considering that this flexibility seems to be more relevant (if at all) for licensed spectrum once we have more regional insights on frequency ranges.

Conclusions & Proposal
In light of the points made in this contribution, we make the following observations and proposals:
Observation 1: For unlicensed band operation, a “fully floating” channel raster has impact on UE energy consumption due to increased GSCN raster instances, as well as testing complexity for certification of 3GPP technology compared to other technologies. It is also unclear how such raster flexibility would be useful for unlicensed band operation, considering that the spectrum is free for use.
Observation 2: The NR-U type of synchronization raster (Approach 2) with approx. 100MHz/400MHz granularity enables the best cell search performance in terms of search time and UE energy consumption. A similar approach with 0.85 x minCBW spacing would give slightly worse performance but a bit more flexibility.
Observation 3: If a fully-floating channel raster were required for minimum channel bandwidth ARFCNs, quite a large number of GSCN instances are required unless there is increased flexibility in CORESET#0 offset.
Observation 4: For licensed bands, a GSCN raster with approx. 100MHz/400MHz spacing could be sufficient to allow (with some CORESET#0 configuration flexibility):
· a fully-floating channelization for channel bandwidths ≥200MHz for 120kHz SCS SSB and ≥800MHz for 480kHz SCS SSB 
· a partially-floating channelization even for minimum channel bandwidths
More flexibility could be introduced in future as needed.
[bookmark: _GoBack]Observation 5: We don’t believe that defining a full ARFCN flexibility (120kHz, 480kHz ARFCN granularity) for 100MHz/400MHz bandwidths (worst case scenario) is really justified across the full 57-71GHz range at this stage, considering that this flexibility seems to be more relevant (if at all) for licensed spectrum once we have more regional insights on frequency ranges.

Proposal 1: For the 57-71GHz unlicensed band, agree on a fixed channelization raster and set the GSCN raster accordingly (similar method as used for bands n46 and n96) with approx. 100MHz and 400MHz spacing for 120kHz and 480kHz SCS SSB respectively. 
Proposal 2: For any licensed band defined in the future, consider reuse of the same GCSN raster (as in Proposal 1) as a starting point with e.g. a more flexible channel raster around each GSCN. Additional GSCN locations could be enabled at that stage if more flexibility is deemed required.
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