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1. Introduction
In 38.213 Section 13, the following 3 tables are captured for configuration of CORESET0 for the case of 120, 480, and 960 kHz SCS, respectively.
· Table 13-10A: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {120, 120} kHz for FR2-2
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs 
	Number of Symbols 
	Offset (RBs) 

	0
	1 
	24
	2
	

	1
	1 
	48
	1
	

	2
	1 
	48
	2
	

	3
	1
	96
	1
	

	4
	1
	96
	2
	

	5
	3 
	24
	2
	

	6
	3 
	48
	2
	

	7
	
	
	
	

	8
	
	
	
	

	9
	
	
	
	

	10
	
	
	
	

	11
	
	
	
	

	12
	
	
	
	

	13
	
	
	
	

	14
	
	
	
	

	15
	
	
	
	



· Table 13-10B: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {480, 480} kHz for FR2-2
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs 
	Number of Symbols 
	Offset (RBs) 

	0
	1
	24
	2
	

	1
	1
	48
	1
	

	2
	1
	48
	2
	

	3
	1
	96
	2
	

	4
	3
	24
	2
	

	5
	3
	48
	2
	

	6
	
	
	
	

	7
	
	
	
	

	8
	
	
	
	

	9
	
	
	
	

	10
	
	
	
	

	11
	
	
	
	

	12
	
	
	
	

	13
	
	
	
	

	14
	
	
	
	

	15
	
	
	
	



· Table 13-10C: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {960, 960} kHz for FR2-2
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs 
	Number of Symbols 
	Offset (RBs) 

	0
	1
	24
	2
	

	1
	1
	48
	1
	

	2
	1
	48
	2
	

	3
	1
	96
	2
	

	4
	3
	24
	2
	

	5
	3
	48
	2
	

	6
	
	
	
	

	7
	
	
	
	

	8
	
	
	
	

	9
	
	
	
	

	10
	
	
	
	

	11
	
	
	
	

	12
	
	
	
	

	13
	
	
	
	

	14
	
	
	
	

	15
	
	
	
	



As can be seen from these tables, the "Offset (RBs)" column is empty since RAN4 has not yet concluded on a channelization design including supported ARFCN, GSCN, and spectral utilization values. In this contribution, we analyze what SSB-CORESET offset values are needed assuming that the so-called "floating channelization" design (Option 1C) for ARFCN/GSCN values is adopted in RAN4 (see our companion RAN4 paper [2]). 
[bookmark: _In-sequence_SDU_delivery]2	Discussion
2.1	Floating Channelization Design (Option 1C)
During Rel-15, the channel and sync rasters were designed with the goal of maximizing configuration flexibility to account for different spectrum allocations around the world, while simultaneously avoiding large UE search complexity. In the end, a fine channel raster (ARFCN) granularity of  and a more coarse sync raster (GSCN) granularity of  was adopted for FR2-1 to achieve this joint goal. We refer to this as a "floating channelization" design in this paper to capture the notion that a channel or channels can be configured very flexibly on the channel raster overtop the coarse sync raster. The following four tables extracted from 38.101-2 [3] show the ARFCN (channel raster) and GSCN (sync raster) values for the various FR2-1 bands supported in Rel-15. The existing Band n259 is highlighted in yellow and is used for comparison with the floating design proposed for the 57 – 71 GHz band.
Table 5.4.2.1-1: NR-ARFCN parameters for the global frequency raster
	Frequency range (MHz)
	ΔFGlobal (kHz)
	FREF-Offs [MHz]
	NREF-Offs
	Range of NREF

	24250 – 100000
	60
	24250.08
	2016667
	2016667 – 3279165



Table 5.4.2.3-1: Applicable NR-ARFCN per operating band
	Operating Band
	ΔFRaster
(kHz)
	Uplink and Downlink
Range of NREF
(First – <Step size> – Last)

	n257
	60
	2054166 – <1> – 2104165

	
	120
	2054167 – <2> – 2104165

	n258
	60
	2016667 – <1> – 2070832

	
	120
	2016667 – <2> – 2070831

	n259
	60
	2270832 – <1> – 2337499

	
	120
	2270832– <2> – 2337499

	n260
	60
	2229166 – <1> – 2279165

	
	120
	2229167 – <2> – 2279165

	n261
	60
	2070833 – <1> – 2084999

	
	120
	2070833 – <2> – 2084999



Table 5.4.3.1-1: GSCN parameters for the global frequency raster
	Frequency range
	SS block frequency position SSREF
	GSCN
	Range of GSCN

	24250 – 100000 MHz
	24250.08 MHz + N * 17.28 MHz,
N = 0:4383
	22256 + N
	22256 – 26639



Table 5.4.3.3-1: Applicable SS raster entries per operating band
	NR Operating Band
	SS Block SCS
	SS Block pattern1
	Range of GSCN
(First – <Step size> – Last)

	n257
	120 kHz
	Case D
	22388 - <1> - 22558

	
	240 kHz
	Case E
	22390 - <2> - 22556

	n258
	120 kHz
	Case D
	22257 - <1> - 22443

	
	240 kHz
	Case E
	22258 - <2> - 22442

	n259
	120 kHz
	Case D
	23140 – <1> – 23369

	
	240 kHz
	Case E
	23142 – <2> – 23368

	n260 
	120 kHz
	Case D
	22995 - <1> - 23166

	
	240 kHz
	Case E
	22996 - <2> - 23164

	n261
	120 kHz
	Case D
	22446 - <1> - 22492

	
	240 kHz
	Case E
	22446 - <2> - 22490

	NOTE 1:	SS Block pattern is defined in clause 4.1 in TS 38.213 [10].



For Band n259 with 120 kHz SCS for data/control, the channel center (allowed ARFCN) can be configured with granularity  (step size 2) i.e., granularity is equal to the subcarrier spacing – see Table 5.4.2.3-1. This facilitates single FFT operation when multiple carriers are aggregated. As can be seen in Table 5.4.3.3-1, both 120 and 240 kHz SSB are supported in this band, and the sync raster (allowed GSCNs) for 120 kHz SSB has a granularity of  (step size 1). For 240 kHz SSB, the sync raster granularity is  (step size 2). The total number of GSCNs for both 120 and 240 kHz SSB determines the UE SSB search complexity. For this band, the total search complexity is 230 + 114 = 344. This provides a reference point when considering search complexity for the floating channelization design for FR2-2.
For the FR2-2 frequency range (57 – 71 GHz), given that both unlicensed and licensed operation are to be supported and different regions in the world are allocated different parts of this frequency range, the flexibility offered by using a floating design analogous to Rel-15 is most appropriate assuming the UE SSB search complexity can be kept sufficiently low. In order to define the floating channelization for FR2-2, it is necessary to determine the following for each supported SCS (120, 480, and 960 kHz)
· ARFCN range and step size for 120/480/960 kHz data/control SCS
· GSCN range and step size for 120/480/960 kHz SSB SCS
We point out that once these ranges/step sizes are defined, they are common for all channel bandwidths supported for a given SCS for the floating channelization. It is not necessary to come up with a separate design for each channel bandwidth (as required for the Option 1-D fixed channelization design discussed in RAN4 (see discussion in [2])). So far, RAN4 has defined the following nominal channel bandwidths:
[bookmark: _Ref83314657]Table 1: Nominal channel bandwidths agreed in RAN4
[image: ]
In what follows we define the following:
· Nominal channel bandwidth B (in MHz) 
· The supported values of B are shown in Table 1
· Spectral utilization  (in %)
· The spectral utilization  is defined as the transmission bandwidth configuration (i.e., number of available RBs  – see Section 5.3 of [3]) divided by the nominal channel bandwidth . For a given subcarrier spacing , the number of RBs is then determined as follows

· For example, for the 100 / 400 MHz minimum channel bandwidth for 120 / 480 kHz SCS, a spectral utilization of 86.4% corresponds to  RBs.
To define the channel and sync rasters we use the following straightforward criteria:
· Channel Raster (Allowed ARFCNs)
· The ARFCN step size is chosen as 2/8/16 for 120/480/960 kHz. This means that the channel raster granularity is equal to the SCS for each allowed SCS value. Consequently, channel center frequencies are always spaced by an integer number of subcarriers, thus allowing for single FFT operation when multiple channels are aggregated, analogous to Rel-15.
· The ARFCN range is chosen to ensure that for the smallest/largest ARFCN, a channel of minimum bandwidth does not step outside the 57 – 71 GHz range
· Sync Raster (Allowed GSCNs)
· The GSCN step size is chosen to ensure the following two criteria are jointly satisfied for the minimum channel bandwidth for each SCS separately:
1. At least 1 GSCN and at most 2 GSCNs fall within the transmission bandwidth configuration ( RBs) for a target spectral utilization 
· For example, for 120/480 kHz where the minimum nominal channel bandwidth is 100/400 MHz, we assume a conservative value 86.4%. This translates to 60 RBs for 120 / 480 kHz SCS. Whatever SSB-CORESET0 offsets work for this spectral utilization value will also work for larger values of spectral utilization.
2. For every allowed ARFCN defined above, an SS/PBCH block fits within the transmission bandwidth configuration ( RBs) for at least one out of the one or two GSCNs
· The GSCN range is chosen to additionally ensure that for the smallest/largest GSCN, the SS/PBCH block does not step outside the transmission bandwidth configuration ( RBs) of the channel of minimum bandwidth corresponding to the smallest/largest allowed ARFCN determined above

For 120 and 480 kHz SCS, Figure 1 illustrates the transmission bandwidth configuration for a channel of minimum bandwidth centered at an arbitrary configured ARFCN overtop of the sync raster. For a target spectral utilization of 86.4%, the sync raster granularity (GSCN step size) can be every 3rd/12th GSCN while satisfying the above criteria. This translates to a GSCN spacing of 51.84 / 207.36 MHz. Depending on the configured ARFCN, clearly there will be at least 1 and at most 2 GSCNs within the transmission bandwidth configuration as per one of the design criteria.
[image: ]
[bookmark: _Ref83372380]Figure 1: Transmission bandwidth configuration (NRB = 60 RBs) corresponding to minimum channel bandwidth B = 100 / 400 MHz for 120 / 480 kHz SCS assuming  spectral utilization. The illustration shows the proposed sync raster (every 3rd/12th GSCN) in relation to an arbitrary configured ARFCN (channel center frequency).

The complete design showing both ARFCN and GSCN ranges and step sizes for all 3 supported subcarrier spacings is shown in Table 2. As can be seen, for the SSB subcarrier spacings supported for initial access (120 and 480 kHz), the total number of sync raster points, and thus the total UE search complexity is 270 + 67 = 337. This is far below the target value 665 quoted in the WID [1]. Furthermore, it is even lower than a Rel-15 UE that supports only Band n259 (search complexity 344).



[bookmark: _Ref83374658]Table 2: Proposed floating channelization design (Option 1-C) for the 57 – 71 GHz band
	SSB SCS
	ARFCN Range and 
<Step Size>Total UE SSB Search Complexity for Initial Access (337)

	GSCN Range and 
<Step Size>
	Number of Sync Raster Points

	120 kHz
	2563333 <2> 2794999
(57050.04 - 70950.00 MHz)
	24153 <3> 24960
(57030.24 – 70975.20 MHz)
	270

	480 kHz
	2565835 <8> 2792499
(57200.16 - 70800.00 MHz)
	24157 <12> 24949
(57099.36 – 70785.12 MHz)
	67

	960 kHz
	2565835 <16> 2792491
(57200.16 - 70799.52 MHz)
	24160 <6> 24952
(57151.20 – 70836.96 MHz)
	133




As can be seen from Table 2, the GSCN step size for 960 kHz is chosen as 6, whereas one might expect a value of 12 considering that the minimum channel bandwidth for 960 kHz (400 MHz) is the same as for 480 kHz. However, due to the fact the SSB bandwidth is twice as large for 960 kHz compared to 480 kHz and that the minimum bandwidth does not scale, it is necessary to compensate by using a GSCN step size smaller than 12 so that the SSB will fit within the transmission bandwidth configuration as stated in Criteria #2 above. Other than the increased GSCN granularity, exactly the same design process is used as for 120/480 kHz SCS. We note that if RAN4 had agreed on 800 MHz minimum bandwidth for 960 kHz instead of 400 MHz, then a GSCN step size of 24 would have been feasible, i.e., perfect scaling of the GSCN step size from 3 è 12 è 24 when the SCS is increased from 120 to 960 kHz. We emphasize that since 960 kHz SSB is not used for initial access, this does not affect the UE SSB search complexity. For this SCS, the GSCN is always signalled to the UE for both SCell configuration and for configuration of ECGI reporting to support PCI confusion detection and ANR functionality.
[bookmark: _Hlk83708998]We observe that the above floating channelization design has the following features:
· The set of allowed ARFCNs enables a high degree of flexibility in configuring the center frequency of a channel or set of channels since the ARFCN step size is equal to the SCS configured for those channel(s) (i.e., 120, 480, or 960 kHz SCS)
· This high degree of flexibility allows for alignment of those channel(s) with any arbitrary spectrum allocation including
· Alignment with IEEE 802.11 ad/ay channels if required
· Alignment with any regional unlicensed spectrum allocation
· Alignment with any future licensed spectrum allocation
· Additionally this allows for single FFT operation since the channel spacing between multiple channels is always an integer number of subcarriers
· The center frequency (ARFCN) for a channel of a given SCS for any of the supported bandwidths (100, 400, 800, 1600, 2000 MHz) is configured using the same set of defined ARFCNs
· In other words, it is not necessary do design a separate set of ARFCNs and corresponding GSCNs for each supported channel bandwidth as required for the fixed channelization design (Option 1-D) (see [2]).
· The CA channel arrangement for FR2-1 can be reused (with appropriate modifications due to the newly introduced SCS values for FR2-2).

We reiterate that contrary to some prior discussion in RAN4, the floating channelization design (Option 1-C) is indeed capable of alignment with IEEE 802.11ad/ay channels, if required for a particular deployment. This is due to the fact that the channel raster has a fine spacing (as intended, and consistent with the Rel-15 principles). It is a mischaracterization that Option 1-C has "No IEEE 802.11ad/ay alignment."
[bookmark: _Toc83391125][bookmark: _Toc84001708][bookmark: _Toc92718423]For the 57 – 71 GHz band, assuming GSCN step size 3 / 12 / 6 for 120 / 480 / 960 kHz SCS, the floating channelization design (Option 1-C discussed in RAN4) has the following properties:
· [bookmark: _Toc83391126][bookmark: _Toc84001709][bookmark: _Toc92718424]UE SSB search complexity 337
· [bookmark: _Toc83391127][bookmark: _Toc84001710][bookmark: _Toc92718425]High flexibility in configuration of channel center frequencies (ARFCN) allowing for alignment of the channel(s) with any arbitrary spectrum allocation including
· Alignment with IEEE 802.11 ad/ay channels if required
· Alignment with any regional unlicensed spectrum allocation
· [bookmark: _Toc83391128][bookmark: _Toc84001711][bookmark: _Toc92718426]Alignment with any future licensed spectrum allocation
· [bookmark: _Toc83391129][bookmark: _Toc84001712][bookmark: _Toc92718427]ARFCN spacing equal to the configured SCS of the channel(s) thus enabling single FFT operation
· [bookmark: _Toc92718428][bookmark: _Toc83391130][bookmark: _Toc84001713]Future proof design in that new ARFCNs/GSCNs do not need to be defined if new channel bandwidths and/or bands are introduced in a later release
· The CA channel arrangement for FR2-1 can be reused (with appropriate modifications due to the newly introduced SCS values for FR2-2).


2.2	SSB-CORESET0 Offsets for Option 1C
The needed SSB-CORESET0 offsets for the floating channelization design (Option 1C) are determined by considering the minimum channel bandwidth for each SCS, i.e., 100/400/400 for 120/480/960 kHz SCS. As discussed previously, the transmission bandwidth configuration (NRB RBs) corresponding to the minimum channel bandwidth depends on the spectral utilization . Since RAN4 has not decided on this yet, we take a conservative approach in this analysis and assume 86.4% SU. Whatever SSB-CORESET0 offsets work for this SU will also work for larger SU values (more RBs available). 
The set of required SSB-CORESET0 offsets for each SCS is a function of the following:
1. The spectral utilization , and thus number of RBs NRB corresponding to the minimum channel bandwidth
2. The CORESET0 size
3. The sync raster granularity
4. The configured ARFCN

Here we consider only the maximum CORESET0 size for each SCS that will fit within the minimum channel bandwidth assuming SSB and CORESET0 multiplexing Pattern 1, i.e., 48 RBs for 120/480 kHz SCS and 24 RBs for 960 kHz SCS. Figure 2 illustrates the required offsets for the floating channelization design in Table 2. In this diagram, the different rows (corresponding to different offsets) represent different possible ARFCN/GSCN combinations, not different offset options for the same ARFCN. In other words, the actual SSB location(s) within the transmission bandwidth configuration (NRB RBs) depend on the location of the GSCN(s) relative to the configured ARFCN. The offsets are designed such that CORESET0 will fit with the NRB RBs for at least one of the offset values.
Since the sync raster granularity is quite coarse, especially for 120 / 480 kHz SCS (GSCN step size 3 / 12), it is necessary to define offsets such that CORESET0 is shifted both to the right (Offset = 2) and to the left (Offset 26) with respect to the SSB as well as roughly centered on the SSB (Offset 14). For 960 kHz SCS, where the sync raster granularity is not as coarse, defining offsets for right and left shifts is sufficient. We observe that offset value 14 for 48 RB CORESET0 and offset values 0 and 4 for 24 RB CORESET0 are the same as for FR2-1 in Rel-15. Offset values 2 and 26 are new.
[image: ]
[bookmark: _Ref83387953]Figure 2: SSB-CORESET0 offsets for floating channelization design assuming  spectral utilization and the minimum channel bandwidth for each SCS. Note: the actual SSB locations within the transmission bandwidth configuration (NRB RBs) depend on the location of the GSCN(s) on the sync raster relative to the configured ARFCN. The SSB-CORESET0 offsets are designed such CORESET0 will fit within the NRB RBs for at least one of the offset values.
We performed an exhaustive check that the SSB-CORESET offsets shown in Figure 2 work for the floating channelization design captured in Table 2. The exhaustive check was performed as follows for each of the 3 subcarrier spacings (120, 480, and 960 kHz) assuming worst case spectral utilization :
· For each SCS and the corresponding minimum channel bandwidth B
· For each allowed ARFCN from the defined channel raster
· Determine the set of allowed GSCNs from the defined sync raster that occur within the transmission bandwidth configuration (NRB RBs)
· For each GSCN in the set
· Check if the SSB centered at this GSCN fits within the transmission bandwidth configuration (NRB RBs)
· For each of the defined SSB-CORESET0 offsets
· Check if CORSET0 fits within the transmission bandwidth configuration (NRB RBs) 
· End SSB-CORESET0 offset loop
· End GSCN looop
· End ARFCN loop
· End SCS loop

Through this exhaustive check, we verified that for all ARFCNs there is at least one GSCN point within the transmission bandwidth configuration (NRB RBs) for which CORESET0 fits for at least one of the defined SSB-CORESET0 offsets. Hence, all ARFCNs in the channel raster are usable and the UE can determine the position of CORESET0 based on the SSB-CORESET0 offset and indicated kSSB in MIB.
[bookmark: _Toc83391131][bookmark: _Toc84001714][bookmark: _Toc92718429]For the 57 – 71 GHz band assuming 86.4% spectral utilization, the following SSB-CORESET0 offsets are sufficient to ensure that all ARFCNs in the floating channelization design in Table 2 are usable:
· [bookmark: _Toc83391132][bookmark: _Toc84001715][bookmark: _Toc92718430]120/480 kHz SCS: [2 14 26] RBs for 48 RB CORESET0
· [bookmark: _Toc83391133][bookmark: _Toc84001716][bookmark: _Toc92718431]960 kHz SCS: [0 4] RBs for 24 RB CORESET0

We also observe that if RAN4 agrees on a transmission bandwidth configuration for 120/480 kHz that is larger than 60 RBs (spectral utilization 86.4%), then offsets [0 14 28] RBs can be defined instead of [2 14 26] for the case of 48 RB CORESET0. For example, NRB ≥ 61 RBs will allow for this (spectral utilization  87.84%)
3	Conclusion
Based on the discussion in this document we make the following observations:
Observation 1	For the 57 – 71 GHz band, assuming GSCN step size 3 / 12 / 6 for 120 / 480 / 960 kHz SCS, the floating channelization design (Option 1-C discussed in RAN4) has the following properties:
	UE SSB search complexity 337
	High flexibility in configuration of channel center frequencies (ARFCN) allowing for alignment of the channel(s) with any arbitrary spectrum allocation including
o	Alignment with any future licensed spectrum allocation
	ARFCN spacing equal to the configured SCS of the channel(s) thus enabling single FFT operation
	Future proof design in that new ARFCNs/GSCNs do not need to be defined if new channel bandwidths and/or bands are introduced in a later release
Observation 2	For the 57 – 71 GHz band assuming 86.4% spectral utilization, the following SSB-CORESET0 offsets are sufficient to ensure that all ARFCNs in the floating channelization design in Table 2 are usable:
	120/480 kHz SCS: [2 14 26] RBs for 48 RB CORESET0
	960 kHz SCS: [0 4] RBs for 24 RB CORESET0
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