[bookmark: Title][bookmark: DocumentFor][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting # 101bis-e 	R4-2201985
Electronic Meeting, 17th – 25th January, 2022

Title:	Channelization and synchronization raster for 60GHz
Agenda Item:	6.16.2
Source:	MediaTek Inc.
Document for:		Discussion
1. Introduction
This document analyses the different options for the channel and synchronisation raster for 57-71GHz operation.
2. Status from RAN4#101-e
The latest status of the channelization discussion is:
Agreement: 
· Keep both Option 1C and Option 1D and have further discussion to compare two options and make decision on channelization in the next RAN4 meeting 
· Considering the following aspects
· Number of sync raster entries and cell searching complexity
· Support of CA in this frequency range
· Whether flexibility is needed for minimum channel bandwidth in particular, and how much benefit for the system performance
· Co-existence with IEEE channels (find out whether there is similar activity in IEEE)
· Whether to consider and how to ensure future proof for adding new frequency bands or channel bandwidth
· Other aspects are not precluded
· If there is no agreement in the next RAN4 meeting, then consider different channelization for licensed band(s) and unlicensed band(s)
· Sync raster granularity should be no less than 3 times of GSFN (17.28)
· NOTE: it is encouraged for proponents for Option 1D and Option 1C to provide concrete proposals in the format of draft CRs for the purpose of comparison
Clarification needed: It is understood that 3 times of GSCN (17.28) actually means to 3 x 17.28MHz GSCN raster, which was the actual proposal in the final GTW.
3. Possible Channel + GSCN raster designs
3.1 Fully floating channel raster for ALL channel bandwidths
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Cell search complexity:
3 x 17.28MHz would be the minimum granularity allowed to enable a fully floating channel raster, with 270 GSCN locations. Scaling up for 480kHz SCS, this would lead to 12 x 17.28MHz, so 67 additional GSCN raster locations across the range. So this means a total of 337 GSCN locations across the range.
4 x 17.28MHz would require >97% channel occupancy with 120kHz SCS and 100MHz channel bandwidth to give fully floating flexibility for minimum channel bandwidths (which is unrealistic).
Flexibility: This channel raster would enable full flexibility to within 120kHz level of granularity, for ALL channel bandwidths. It would be feasible to not waste any spectrum at all here and cope with all regulatory designations.
3.2 Fixed channel raster options
Fixed1: Common Alt-A/B for minimum channel bandwidths
Figure 3 shows the common channel raster alignment compared to IEEE, where the channels of minCBW = 100MHz for 120kHz SCS in black colour are used in the case that confinement to within IEEE channel bounds IS NOT required (140 available 100MHz channels), and not used in case confinement within IEEE channel bounds IS required (135 available 100MHz channels). The same would apply for minCBW = 400MHz for 480kHz SCS (35 versus 30 channels).
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Cell search complexity: The general framework is shown in the figure below for 120kHz SCS channels and SSBs, and the same would scale for 480kHz SCS SSBs. Compared to a 3 x 17.28MHz baseline, but nullifying all but ONE GSCN location per minimum channel bandwidth, it follows that the maximum number of used GSCNs would be equal to 14000 / MinCBW, which is 140 + 35 = 175. The same GSCN raster could be used in this case for IEEE confinement (Alt-A) or non-confinement (Alt-B)
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Flexibility: 
This fulfils requirements for alignment or non-alignment with IEEE channelization. In case a region chooses to designate only part of the spectrum, there would be a maximum of 100MHz that would be wasted. Also usage of spectrum at the edge of the allocation would may be limited in which channel bandwidths could be used due to the fixed allocation for all bandwidths.
Fixed2: Separate Alt-A/B for minimum channel bandwidths
A channel raster option is shown below that tries to optimally confine an even number of 100MHz channels within each IEEE channel in case of Alt-B. This would lead to 136 available 100MHz channels, or 32 available channels for 400MHz.  
Cell search complexity: The GSCN raster concept would be similar to Fixed1 option. However, it can be observed that it has shifted with respect to the Alt-B raster above. In the worst case this would lead to 126 + 30 = 156 additional GSCN locations in addition to the GSCN locations in the Fixed1 approach. So a total of 175 + 156 = 331 GSCN locations would be required in the worst case.
Flexibility: This shift in channel locations offers some more flexibility due to the 2 possible channel plans. However with the IEEE optimised channel plan there is some loss in number of available channels 136 vs 140 if IEEE alignment was not really required.
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3.3 Hybrid channel raster
For this concept, the minCBW (100MHz for 120kHz SCS, and 400MHz for 480kHz SCS) have a fixed channel raster, and channel bandwidths larger than minCBW would operate with a floating channel raster. Figure X below shows this concept for channels applicable for the 120kHz SCS SSB applicable channel BWs. The same concept would apply for the channel BWs of the 480kHz SCS SSB.
[image: ]
Cell search complexity: As the GSCN raster only needs to be designed for a fixed minCBW raster, only 175 GSCN locations would be required across the band (same as Fixed1 approach).
Flexibility: The level of flexibility would be the same as for the Fixed1 approach for minCBWs, with the same level of potential spectrum wasted if regions assign spectrum should minimum channel bandwidths be required. However for larger channel bandwidths the level of flexibility would be exactly the same as the fully-floating channel raster, enabling optimal alignment with IEEE, and with ZERO wastage of spectrum possible.
3.4 Separate channel raster for licensed and unlicensed
In this approach, a fully-floating channel raster is used for licensed operation, and a fixed or hybrid channel raster for unlicensed operation.
Flexibility: Both options below would offer full flexibility for licensed operation, and no flexibility for unlicensed operation. Of course the Hybrid approach above could also be applied for unlicensed operation if flexibility were required, without increasing further the required number of GSCN locations.
Separate1: Totally independent GSCNs
Cell search complexity: If a NEW GSCN raster is used for unlicensed, and the fully-floating channel raster for licensed spectrum, then in the extreme case that the whole 57-71GHz range was assigned for licensed in some regions, this would lead to 337 + 175 = 512 GSCN locations in total that the UE may need to scan initially until it identifies whether the band is for licensed or unlicensed usage in that region. 
In case only 66-71GHz was assigned to licensed, this would mean 120 + 175 = 295 GSCN locations.
Separate2: Common subset of GSCNs
Cell search complexity: If the Fixed1 GSCN raster was used for unlicensed, and the fully-floating raster for licensed, then in the extreme case, this would lead to 337 GSCN locations that the UE may need to scan initially until it identifies whether the band is for licensed or unlicensed usage in that region. 
In case only 66-71GHz was assigned to licensed, this would mean 120 + 112 = 232 GSCN locations.

4. Resulting comparison of these design options
	Channel raster type
	Number of GSCN locations required
	Flexibility

	Baseline Floating
	270 (120kHz SCS) + 67 (480kHz SCS) = 337
	Yes

	Fixed1 
	140 (120kHz SCS) + 35 (480kHz SCS) = 175
	No

	Fixed2 
	140+126 = 166 (120kHz) + 35+30 (480kHz) = 331
	No

	Hybrid
	140 (120kHz SCS) + 35 (480kHz SCS) = 175
	Partial/mostly yes

	Separate1: Fixed1 or hybrid for U, Floating for L (independent GSCN raster)
	U: 175, L: max 337. Initial search, max = 512
	Yes for L, No/partial/mostly for U

	Separate2: Fixed1 or hybrid for U, Floating for L (common subset GSCNs)
	U: 175, L: max 337. Initial search, max = 337
	Yes for L, No/partial/mostly for U




5. Proposal
Considering all of the above points, the following is proposed:
· At least for unlicensed operation, the GSCN raster shall use no more than 175 GSCN locations as a subset of the baseline 3 x 17.28MHz GSCN raster points (similar to NR-U approach). 
· Agree either of the following for the channel raster:
· Hybrid approach (fixed for minCBW/SCS and floating for larger CBWs) for both licensed and unlicensed operation
· Separate2: Fixed or hybrid for unlicensed, floating for licensed, with unlicensed GSCNs a subset of licensed GSCN raster (3 x 17.28MHz for 120kHz SCS SSB)
· If the Hybrid approach is used for the channel raster, then the licensed design for GSCN raster shall follow the proposed unlicensed design. 
6. References
[1]		R4-113159, On System Parameters in 60GHz (Intel)
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