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1. Introduction
In RAN#92 it was agreed to support SS-PBCH block with 480 kHz SCS for the purposes of initial access and 480 and 960 kHz SCS for the purposes of ANR and PCI confusion detection in addition to the already agreed 120 kHz SCS. Based on this decision, the following objectives were added to the WID.· In addition to 120kHz, support 480 kHz SSB for initial access with support of CORESET#0/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 CORESET#0/Type0-PDCCH SCS supported for 480 kHz SSB SCS.
· Prioritize support SSB-CORESET#0 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.
· Support ANR and PCI confusion detection for 120, 480 and 960kHz SCS based SSB, support CORESET#0/Type0-PDCCH configuration in MIB of 120, 480 and 960kHz SSB
· FFS: additional method(s) to enable support to obtain neighbour cell SIB1 contents related to CGI reporting
· Only 1 CORESET#0/Type0-PDCCH SCS supported for each SSB SCS, i.e., (120, 120), (480, 480) and (960, 960).
· Prioritize support SSB-CORESET#0 multiplexing pattern 1. Other patterns discussed on a best effort basis.
· 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: From UE perspective, ANR detection for 480/960kHz SCS based SSB is not supported if the UE does not support 480/960 SCS for SSB.
· Note: for ANR, when reading the MIB, the cell containing the SSB is known to the UE, as defined in 38.133 specification.


In this contribution, we address the two highlighted aspects of the WID, specifically:
· Exemplary RAN4 channelization design resulting in a UE SSB search complexity for initial access that is significantly less than 665
· Based on the exemplary design, illustrate the need for RAN1 to define an additional SSB-CORESET0 offset compared to the values supported for FR2 in Rel-15.
[bookmark: _In-sequence_SDU_delivery]2	Discussion
As we discuss in our contribution on initial access aspects [2], there is a need for RAN1 to define what SSB-CORESET0 offsets are needed for operation in the 57 – 71 GHz band. In order for RAN1 to determine this, there is a dependency on the channelization design, and some aspects of the design are not yet decided by RAN4. In order for RAN1 to make progress, feedback is needed from RAN4 on the following:
· Sync raster granularity
· In addition to determining if new SSB-CORESET0 offsets are required, the sync raster granularity also determines the UE SSB search complexity during initial access. Due to the fact that the minimum bandwidths for each SCS for the 57 – 71 GHz band are greater than the minimum bandwidth for the Rel-15 FR2 bands (50 MHz), there is an opportunity to make the sync raster more coarse than Rel-15, e.g., define every 2nd or 8th GSCN to be valid for 120 kHz and 480 kHz, respectively. 
· Spectral utilization
· This determines the number of available RBs for a given channel bandwidth. It is particularly important for RAN1 to know this value for the minimum channel bandwidth (100 MHz for 120 kHz SCS and 400 MHz for 480 kHz) for determining valid CORESET#0 configurations.
· The spectral utilization  is defined as the transmission bandwidth configuration (i.e., number of available RBs ) 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 MHz minimum channel bandwidth for 120 kHz SCS, a spectral utilization of 86.4% corresponds to  RBs.

Before receiving feedback from RAN4 on these issues, it is useful in RAN1 to consider an exemplary RAN4 design that could end up being specified which can help to determine whether/what new SSB-CORESET0 offsets are required. We discuss such an exemplary design below.
2.1	Exemplary Channelization Design
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 very fine channel raster (ARFCN) granularity of 60 kHz and a much more coarse sync raster (GSCN) granularity of 17.28 MHz was adopted for FR2 to achieve this joint goal. We refer to this as a "floating" channelization design in this paper. The following four tables extracted from 38.101-2 [3] show the ARFCN and GSCN values for the various FR2 bands supported in Rel-15. The two FR2 bands mentioned in the WID are highlighted in yellow.
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].



In contrast, in Rel-16 for NR-U in the 5 and 6 GHz bands, an alternative approach was taken by adopting a "fixed" channelization design (limited fixed set of ARFCN/GSCN values) since the flexibility aspect was not needed for that spectrum.
For the 57 – 71 GHz band, given that both unlicensed and licensed operation are to be supported, the flexibility offered by using a floating design as in Rel-15 is more appropriate than a fixed design as long as the UE SSB search complexity can be kept below 665 quoted in the WID. Here we consider an exemplary floating design that achieves this important goal and preserves commonality to FR2 operation.
We first observe that the global channel raster with a granularity of 60 kHz defined extends up to 100 GHz (see Table 5.4.2.1-1 above); hence it already includes the frequency range 57 to 71 GHz. With this channel raster, one can configure the center frequency (ARFCN) of a channel very flexibly which is beneficial considering both unlicensed and licensed use of the band as well as potential coexistence with other technologies.
For a given channel position (ARFCN), channel bandwidth, and SS/PBCH SCS, a suitable sync raster point (GSCN) needs to be configured. Depending on the sync raster (GSCN) granularity, there can be one or more valid GSCNs from which to choose. For identifying a suitable sync raster point the following procedure can be used. First, identify a set of  of global sync raster points (GSCN values) that fall within the transmission bandwidth configuration ( RBs) of a channel defined by a given ARFCN, where the formula for  is defined above and depends on the spectral utilization . For example, assuming a 17.28 MHz granularity for the global sync raster points, and assuming , the cardinality (size) of the set  is at most . Second, amongst these  GSCN values, find at least one value that satisfies both of the following criteria:
1. The SS/PBCH block with center frequency corresponding to the GSCN fits within the  RBs
2. For a given CORESET#0 size and SSB-CORESET#0 multiplexing pattern, CORESET#0 fits within the  RBs for at least one of the SSB-CORESET#0 offsets defined in Table 13-8 in 38.213 Section 13.
If no offsets from the existing Table 13-8 can satisfy the 2nd criterion, then it will be necessary to define additional SSB-CORESET#0 offsets.
For checking these criteria, for 120 kHz SCS, we assume every 2nd GSCN value is valid which corresponds to a sync raster granularity of 2*17.28 = 34.56 MHz. The reason for the reduced sync raster granularity compared to legacy FR2 operation is that the minimum bandwidth for this band (100 MHz) is twice as large as the minimum bandwidth for Rel-15 FR2 (50 MHz). In addition, in the agreement from RAN#92-e, it is assumed that RAN4 supports a channelization that gives at most 665 sync raster points. With a sync raster granularity of 17.28 MHz (as in FR2), this target is not achievable, which further motivates the assumption of reduced sync raster granularity. For 480 kHz, we assume every 8th GSCN value is valid which corresponds to a granularity of 8*17.28 = 138.24 MHz (4x more coarse than for 120 kHz). This granularity is chosen since the minimum channel bandwidth for 480 kHz (and 960 kHz) is 4x larger than for 120 kHz SCS.
The exemplary channelization design with these GSCN granularities is shown in Table 1. We also include the case of 960 kHz, even though this SCS is not supported for initial access. For 960 kHz, we assume the same GSCN granularity as for 480 kHz since the minimum bandwidth for both 480 and 960 kHz SCS is the same. As for FR2 with 120 kHz SSB, we assume that every 2nd ARFCN is valid. For the case of 480 and 960 kHz, we scale the step size by 4x and 8x. With these step sizes, adjacent channel center frequencies are always separated by an integer number of sub-carriers.
[bookmark: _Ref75781200]Table 1: Exemplary "floating" channelization design for SSB SCS 120, 480, and 960 kHz for 57 – 71 GHz band.
	SSB SCS
	Minimum
Bandwidth
	ARFCN Range and
<Step Size>
	GSCN Range and
<Step Size>
	Number of Sync Raster Points

	120 kHz
	100 MHz
	2563333 <2> 2794999
(57050.04 - 70950.00 MHz)
	24153 <2> 24959
(57030.24 - 70957.92 MHz)
	404

	480 kHz
	400 MHz
	2565835 <8> 2792499
(57200.16 - 70800.00 MHz)
	24156 <8> 24956
(57082.08 - 70906.08 MHz)
	101

	960 kHz
	400 MHz
	2565835 <16> 2792491
(57200.16 - 70799.52 MHz)
	24159 <8> 24951
(57133.92 - 70819.68 MHz)
	100



For initial access, it is instructive to compare the UE SSB search complexity for the exemplary design to the search complexity for the two FR2 bands (n257 + n259) listed in the WID. From Table 5.4.3.3-1 above, one can see that for the two FR2 bands, the total number of sync raster points for 120 + 240 kHz SCS is 599. In contrast, for the exemplary design for the 57 – 71 GHz band, one can see from Table 1 that the total number of sync raster points for 120 + 480 kHz SCS is 404 + 101 = 505, i.e., less than for the total for the two FR2 bands. Moreover, the value 505 is less than the target 665 quoted in the WID.
[bookmark: _Toc78906566][bookmark: _Toc78907481][bookmark: _Toc78908178][bookmark: _Toc78908296][bookmark: _Toc79052152][bookmark: _Toc79052155]For the 57 – 71 GHz band, if the sync raster (GSCN) is defined in steps of 2 and 8 for 120 and 480 kHz, respectively, the total number of sync raster points the UE needs to search for initial access is 505. This is less than the value 665 quoted in WID.
2.2	Required SSB-CORESET0 Offsets
2.2.1	120 kHz SCS
Returning to the evaluation of the above two criteria for determining required SSB-CORESET0 offset values, we show in Table 2 the percentage of ARFCNs for 120 kHz SCS for 100 MHz channels where there exists at least one sync raster point (GSCN) value for which the two criteria are fulfilled. We assume the ARFCNs and GSCNs defined in Table 1 above. This answers the question of whether or not the currently defined SSB-CORESET#0 offsets defined in Rel-15 are suitable for the 57 – 71 GHz band given a particular spectral utilization value  (to be defined by RAN4). Based on the guidance provided in the updated WID agreement, we prioritize consideration of SSB-CORESET multiplexing pattern 1.
[bookmark: _Ref71023349]Table 2: Percentage of ARFCNs for 120 kHz SCS for which there is at least one GSCN for which both SSB and CORESET#0 fit within  RBs assuming nominal channel bandwidth of 100 MHz and SSB-CORESET#0 multiplexing pattern 1. Every 2nd GSCN value is assumed to be valid (34.56 MHz granularity).
	
	
	SSB-CORESET0 Offsets (RBs)

	
	Spectral Utilization

	CORESET0 Size

	14
	{2(2) or 14}
	{0 or 4}

	59
	85.0%
	48
	50%
	100%
	-

	60
	86.4%
	48
	54%
	100%
	-

	66(1)
	95.0%
	48
	79%
	100%
	-

	59
	85.0%
	24
	-
	-
	100%

	60
	86.4%
	24
	-
	-
	100%

	64
	92.2%
	24
	-
	
	100%

	66(1)
	95.0%
	24
	-
	-
	100%

	(1) Number of RBs defined for 100 MHz channel bandwidth in FR2 
(2) New value compared to Rel-15



From this table, it is clear that when a sync raster granularity of 2*17.28 = 34.56 MHz is used for 120 kHz SCS, it is not possible to find a suitable GSCN value that fulfill the above criteria using only the Rel-15 defined SSB-CORESET#0 offsets in Table 13-8 in 38.213 for a large fraction of ARFCNs (i.e., 14). The remedy is to introduce an additional SSB-CORESET#0 offset value of 2, indicated with Note (2) in Table 2.
Based on the above discussion, we conclude the following for 120 kHz with 100 MHz minimum bandwidth assuming that RAN4 defines a spectral utilization of at least 85%:
[bookmark: _Toc75934390][bookmark: _Toc78902323][bookmark: _Toc78906567][bookmark: _Toc78907482][bookmark: _Toc78908179][bookmark: _Toc78908297][bookmark: _Toc79052153][bookmark: _Toc79052156][bookmark: _Toc75859078][bookmark: _Toc75859493][bookmark: _Toc75859531][bookmark: _Ref71032864][bookmark: _Toc75934391]For initial access with 120 kHz SCS, if RAN4 decides on sync raster granularity 2*17.28 = 34.56 MHz, at least one new SSB-CORESET#0 offset value is needed on top of the existing configuration options in Table 13-8 in 38.213. For 48 RB CORESET0 with SSB-CORESET0 Multiplexing Pattern 1, the needed new offset is 2 RBs.
2.2.2	480 kHz SCS
For 480 kHz SCS, we perform the same exercise as for 120 kHz, evaluating the above two criteria for determining required SSB-CORESET0 offset values. We show in Table 3 the percentage of ARFCNs for 480 kHz kHz SCS for 400 MHz channels where there exists at least one sync raster point (GSCN) value for which the two criteria are fulfilled. Not surprisingly, we find similar results are for 120 kHz, since the channelization design and minimum channel bandwidth scale consistently from 120 kHz to 480 kHz.
[bookmark: _Ref75846844]Table 3 Percentage of ARFCNs for 480 kHz SCS for which there is at least one GSCN for which both SSB and CORESET#0 fit within  RBs assuming nominal channel bandwidth of 400 MHz and SSB-CORESET#0 multiplexing pattern 1. Every 8th GSCN value is assumed to be valid (138.24 MHz granularity).
	
	
	SSB-CORESET0 Offsets (RBs)

	
	Spectral Utilization

	CORESET0 Size

	14
	{2 or 14}
	{0 or 4}

	59
	85.0%
	48
	50%
	100%
	-

	60
	86.4%
	48
	54%
	100%
	-

	66
	95.0%
	48
	79%
	100%
	-

	59
	85.0%
	24
	-
	-
	100%

	60
	86.4%
	24
	-
	-
	100%

	66
	95.0%
	24
	-
	-
	100%



From Table 3, it is clear that when a sync raster granularity of 8*17.28 = 138.24 MHz is used for 480 kHz SCS, it is not possible to find a suitable GSCN value that fulfill the above criteria using only the Rel-15 defined SSB-CORESET#0 offsets in Table 13-8 in 38.213 for a large fraction of ARFCNs (i.e., 14). The remedy is to introduce an additional SSB-CORESET#0 offset value of 2, indicated with Note (2) in Table 3.
Based on the above discussion, we conclude the following for 480 kHz with 400 MHz minimum bandwidth assuming that RAN4 defines a spectral utilization of at least 85%:
[bookmark: _Toc78908180][bookmark: _Toc78908298][bookmark: _Toc79052154][bookmark: _Toc79052157]For initial access with 480 kHz SCS, if RAN4 decides on sync raster granularity 8*17.28 = 138.24 MHz, SSB-CORESET#0 offset values 2 and 14 are needed for 48 RB CORESET0 and offsets 0 and 4 for 24 RB CORESET0 with SSB-CORESET0 Multiplexing Pattern 1 (same offsets as required for 120 kHz SCS).
3	Conclusion
Based on the discussion in this document we make the following observations:
Observation 1	For the 57 – 71 GHz band, if the sync raster (GSCN) is defined in steps of 2 and 8 for 120 and 480 kHz, respectively, the total number of sync raster points the UE needs to search for initial access is 505. This is less than the value 665 quoted in WID.
Observation 2	For initial access with 120 kHz SCS, if RAN4 decides on sync raster granularity 2*17.28 = 34.56 MHz, at least one new SSB-CORESET#0 offset value is needed on top of the existing configuration options in Table 13-8 in 38.213. For 48 RB CORESET0 with SSB-CORESET0 Multiplexing Pattern 1, the needed new offset is 2 RBs.
Observation 3	For initial access with 480 kHz SCS, if RAN4 decides on sync raster granularity 8*17.28 = 138.24 MHz, SSB-CORESET#0 offset values 2 and 14 are needed for 48 RB CORESET0 and offsets 0 and 4 for 24 RB CORESET0 with SSB-CORESET0 Multiplexing Pattern 1 (same offsets as required for 120 kHz SCS).
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