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1	Introduction
During RAN4#99-e meeting system parameters were discussed for WI involving extension of current NR operation to 71 GHz.  System parameters are required to be studied and agreed within RAN4 as it is a dependency on BS or UE requirements.  As now minimum channel bandwidths, shown below, for supported numerologies have been agreed the work begins on developing a channel raster.  

	Subcarrier spacing [kHz]
	Minimum bandwidths [MHz] 
	Maximum bandwidths [MHz] 

	120
	100
	400 

	480
	400 
	1600

	960
	400
	TBD



RAN1 also has started to study the implications of the channel raster of which RAN4 shall need to decide, although some aspect such as UE SSB search time has been discussed both in RAN and in RAN1.  The focus of this contribution is to provide analysis on impacts of the agree bandwidths on, channel raster and spectrum utilization selections.
2	Discussion
The FR2 covers the frequency range 24.25 – 52.6 GHz and as the extension of this range up to 71 GHz may lead to various system parameters also being extended or reused, but this would need a parameter by parameter analysis and check on impacted requirements.     
2.1	Channelization Design
During Rel-15 the channel and sync rasters were designed with the goal of maximizing configuration flexibility, while simultaneously avoiding large UE search complexity. In the end, a very fine channel raster granularity of 60 kHz and a much coarser sync raster 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. On the other hand, in Rel-16 for NR-U in the 5 and 6 GHz bands, an alternative approach was taken by adopting a "fixed" channelization design (fixed set of ARFCN/GSCN values) since the flexibility aspect was not needed for that spectrum.  During RAN4#99-e initial discussions on “floating” channelization and “fixed” channelization was discussed for the 52.6 – 71 GHz band [1].  The floating/fixed choice was weighted against search complexity and the harmonization between licensed and unlicensed operation.  
For the Rel-15 “floating” design, any ARFCN and suitable GSCN can be chosen to configure a particular channel, with a global channel raster granularity of .  Additionally, it is agreed [2] that additional SCS of 480kHz for SSB is supported in addition to 120 kHz for initial access where the following objectives related to initial access are included:
· 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.


As we show in Section 2.3 later in this paper, the Rel-15 floating design becomes most practical, which helps to avoid significant RAN4 effort in designing a new channelization scheme for the 57 – 71 GHz band. Furthermore, as it is shown in that section, the total SSB search complexity for supporting both 120 and 480 kHz SCS is 505 which is well below the target value of 665 in the above agreement, and also less than a Rel-15 UE supporting Bands n257 and n259 (total search complexity 599). This is achieved by defining every 2nd GSCN value for 120 kHz and every 8th GSCN value for 480 kHz which is commensurate with the 100 and 400 MHz minimum bandwidths agreed for those SCS values. 

Observation 1: UE SSB search complexity using “floating” raster is practical option given 120 kHz and 480 kHz SCS is supported for initial access.
Proposal 1: RAN4 to adopt “floating” channelization design, as in Rel-15. 
2.2	Spectrum Utilization
For a given channel position (ARFCN), channel bandwidth, and SS/PBCH SCS, a suitable sync raster point (GSCN) needs to be identified. Depending on the sync raster (GSCN) granularity, there can be one or more valid GSCNs from which to choose. Generally, the resulting set of GSCNs is also usable for the larger channel bandwidths of the same SCS. In [6], it is shown from a RAN1 perspective it is practical to define a sync raster granularity of 2*17.28 = 34.56 MHz for 120 kHz SCS and 8*17.28 = 138.24 MHz for 480 kHz SCS considering that the minimum channel bandwidths are 100 and 400 MHz, respectively. Such granularities are considered in the exemplary floating channelization design shown in Section 2.3 which we use in the following analysis. It is shown that this is practical for a wide range of spectral utilization values down to 85%.  Given a certain spectral utilization value, the following two aspects need to be satisfied from a RAN1 perspective for a given ARFCN-GSCN combination.
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.
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 the case of 120 kHz SCS with 34.56 MHz sync raster granularity, Table 1 shows the required SSB-CORESET0 offsets that need to be defined by RAN1 as a function of the spectral utilization .  As can be seen, if RAN1 agrees to support a 2 RB offset (in addition to the value 14 supported in Rel-15), then spectral utilization down to 85% can be supported. The criterion used for whether or not a certain spectral utilization can be supported is that the above criteria must be satisfied for 100% of the ARFCNs. Here we assume the ARFCNs and GSCNs correspond to those shown in the exemplary floating channelization design in Section 2.3.
[bookmark: _Ref71023349]Table 1: For 120 kHz SCS: Percentage of ARFCNs 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 with SSB-CORESET0 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%

	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



The same conclusion holds for the case of 480 kHz SCS with 138.24 MHz sync raster granularity as illustrated in Table 2.
[bookmark: _Ref75805349]Table 2: For 480 kHz SCS: Percentage of ARFCNs 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 with SSB-CORESET0 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(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%

	(1) New value compared to Rel-15



As a detailed analysis on impact due to the higher frequency range and larger supported channel bandwidths, compared to FR2, it is not clear that the need to conclude and restrict transmitter in-band and receiver requirements by restricting a high spectral utilization now.  
It’s RAN4 responsibility to study and analyze the current technology capabilities before finalizing spectral utilization.  As one example the transmitter in-band requirements such as ACLR and receiver ACS will translate to channel filter needed attenuation requirements. As spectrum utilization is a common BS and UE system parameter, aspects around other requirements such as occupied bandwidth should be considered in particular for UE where for FR2, due to large spectral utilization, the Occupied Bandwidth requirement become the strictest requirement in terms of in-band unwanted emissions resulting in reduced available UE power. As propagation conditions degrades over frequency, it is essential to have proper spectrum utilization levels to make sure that the MPR on the UE side is kept to a minimum to ensure reasonable coverage in UL.
Other factors influencing spectrum utilization for NR in 52.6-71 GHz is as following:
· Large array sizes with reduced physical size due to higher frequency, the filtering resources need to be optimized considering both size, power consumption and thermal aspects
· Large bandwidths of up to 2.16 GHz where depending on requirement levels, the filtering could be more challenging depending on ACLR, ACS and occupied bandwidth.
· Higher SCS resulting in higher modulation spectra as 960 kHz SCS will have at least 9 dB higher modulation spectra compared to 120 kHz SCS. This implies that with similar requirement of e.g. OBUE or ACS, the filter attenuation need to be 9 dB higher for 960 kHz SCS compared to 120 kHz SCS.
From the unlicensed perspective requirements [5] upon the occupied bandwidth does not contain any “flat PSD” requirement to what has been discussed on the 5 GHz NR-U range.  The occupied channel bandwidth defined in [5] is the bandwidth containing 99% of the power of the signal.  The occupied bandwidth shall be less than the nominal channel bandwidth, which is declared and used for the foundation of the spectrum emissions mask requirement.  The device must comply with the occupied bandwidth while supporting at least one mode of operation with a necessary bandwidth of 70% of the declared nominal channel bandwidth. This means that the SU for operations in 57-71 GHz could be significantly less than 90-95% typically assumed for FR2 below 52.6 GHz. 
Observation 2: Given the minimum required spectral utilization for RAN1 design needed is 85%, and UE output power should be constrained within 70% of the declared nominal channel bandwidth; together with BS/UE RF design considerations initial spectral utilization should be considered as a range between 85-95%. 
Proposal 2: Spectral utilization initial consideration of a range between 85-95%. 
	· The detailed level of spectrum utilization for NR in 52.6-71 GHz for supported numerologies and channel bandwidth is tabulated below.  The following is considered supported channel bandwidths from [4]:Moderator proposal: Introduce integer multiples of the minimum CBW for each SCS:
· 120 kHz SCS (Min. 100 MHz/Max. 400 MHz): 200 MHz
· 480 kHz SCS (Min. 400 MHz/Max. 1600 MHz): 800, 1200 MHz
· 960 kHz SCS (Min. 400 MHz/Max. TBD MHz): 800, 1200, 1600 MHz



Table 3: Spectral utilization for supported channel bandwidths considered
	SCS
	Channel Bandwidth
	

	120 kHz
	100 MHz
	60

	
	200 MHz
	118

	
	400 MHz
	237

	480 kHz
	400 MHz
	60

	
	800 MHz
	118

	
	1200 MHz
	178

	
	1600 MHz
	237

	960 MHz
	400 MHz
	30

	
	800 MHz
	60

	
	1200 MHz
	89

	
	1600 MHz
	118

	
	[2000 MHz]
	[148]

	
	[2160 MHz]
	[160]




2.3	Exemplary “Floating” Channelization Design
Here we consider an exemplary floating channelization design as shown in Table 4 below for the 57 – 71 GHz band. In this exemplary design, we assume that for each SSB SCS, the ARFCN granularity is equal to the SCS, i.e., 2*60 = 120 kHz, 8*60 = 480 kHz, and 16*60 = 960 kHz. This means that a channel can be configured with a center frequency that is very flexible, as intended in the original Rel-15 design.
[bookmark: _Ref75781200]Table 4: 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



Regarding the sync raster (GSCN) granularity, we assume 2*17.28 = 34.56 MHz for the case of 120 kHz which is feasible since the minimum channel bandwidth is 100 MHz (twice as large as the minimum bandwidth for FR2 in Rel-15). For the case of 480 kHz, we assume a sync raster granularity four times as large, i.e., 8*17.28 = 138.24 MHz, since the minimum bandwidth is four times as large as for 120 kHz, i.e., 400 MHz. As shown in the table, this results in a total UE SSB search complexity for initial access of 404 + 101 = 505. This is significantly less than the target value of 665 stated in the updated WID (extract copied here):· 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.

We point out that 960 kHz SCS is not supported for initial access, and thus does not affect the UE search complexity. In the table above, we assume a sync raster granularity for 960 kHz to be the same as for 480 kHz, since the minimum bandwidths for these two SCSs has been agreed to be the same (400 MHz for both). 
We observe that the search complexity of 505 is actually less than the search complexity of a Rel-15 UE that supports Band n257 and Band n259. As stated in the text extract above, the total search complexity for such a UE is 599. This value can be calculated by observing the tables below copied from 38.101-2. For all bands defined for FR2, the GSCN step size is 1 (17.28 MHz granularity) for the case of 120 kHz SCS and 2 (34.56 MHz granularity) for the case of 240 kHz. Since the UE searches for SSB of both numerologies, this leads to 255 GSCN points for Band n257 and 344 GSCN points for Band n259 resulting in a total search complexity of 599.
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].



Observation 3: With the exemplary floating channelization design, the UE SSB search complexity is less (505 GSCN points) than the search complexity for a Rel-15 UE supporting Band n257 and Band n259 (599 GSCN points).
Additionally to the NR operating band support for floating channel raster design as described above other region standards relating to the channel raster would not prohibit the use of a floating channelization design.  During RAN4#99bis-e some unclarity whether the different regional requirements, specifically the European standards, would or would not allow for the floating channelization design.  None of the c1-c3 standards specify a nominal channel raster, the nominal channel bandwidth used for the essential RF requirements is declared. The 5 GHz and 6 GHz harmonised standards, on the other hand, require alignment with Wi-Fi due to the LBT requirement that is essential for coexistence between WAS/RLAN systems, the sub-carrier raster of NR-U and must overlapping with that of Wi-Fi within a 20 MHz bandwidth. Additionally, LBT is not essential for coexistence in 57-71 GHz even though specified as a coexistence mechanism for c1, SRD systems with beam forming can coexist without raster alignment also for c1.
Observation 4: none of the draft European standards for range c1-c3 specify a nominal channel raster, the nominal channel bandwidth used for RF requirements is declared. Hence raster alignment is not essential for coexistence.
Moreover, the FCC Part 15.255 does not specify any channel raster. Hence
Observation 5: 3GPP can specify a channel raster that allows flexible use of the 57-71 GHz in different geographical regions.

An important benefit of supporting a floating channelization design is that the same design principle from FR2 in Rel-15 can be reused for supporting frequencies up to 71 GHz in Rel-17 which can achieve very flexible configuration of the channel center frequencies.  Moreover, it is forward compatible for any new bands that are introduced in later releases. This is a key consideration given the guidance in the updated WID [2] (see text extract above) which states that the channelization design shall consider both licensed and unlicensed operation. With the floating design, RAN4 can achieve a harmonized design between unlicensed and licensed and can also achieve alignment with the channels used by other technologies if coexistence is deemed to be an issue for a particular deployment.  Further aspect lends to allow for a maximum channel bandwidth support of 2000 MHz as described in [4], with the floating channelization design there is no issue to cover the unlicensed band.

	Agreement: 
· Use Option 1 as starting point
· Further check if there is any issue to use 2000MHz Max CBW to cover unlicensed band. 
· If there is issue identified, RAN4 should consider Option 3 and Option 5.



Observation 6: Adopting a floating channelization scheme as in Rel-15 FR2 results in flexible and forward compatible design that can be used for any band that is introduced in Rel-17 and later release. Such a design allows for configuration of any channel center frequency (with granularity equal to the SCS). This is beneficial to support both licensed and unlicensed band definitions and naturally supports alignment with channels of other technologies if coexistence is deemed to be important for a given deployment. 

3	Conclusion
In this contribution the following key observations and proposals were outlined:

Observation 1: UE SSB search complexity using “floating” raster is practical option given 120 kHz and 480 kHz SCS is supported for initial access.
Proposal 1: RAN4 to adopt “floating” channelization design, as in Rel-15. 
Observation 2: Given the minimum required spectral utilization for RAN1 design needed is 85%, and UE output power should be constrained within 70% of the declared nominal channel bandwidth; together with BS/UE RF design considerations initial spectral utilization should be considered as a range between 85-95%. 
Proposal 2: Spectral utilization initial consideration of a range between 85-95%. 
Observation 3: With the exemplary floating channelization design, the UE SSB search complexity is less (505 GSCN points) than the search complexity for a Rel-15 UE supporting Band n257 and Band n259 (599 GSCN points).
Observation 4: none of the draft European standards for range c1-c3 specify a nominal channel raster, the nominal channel bandwidth used for RF requirements is declared. Hence raster alignment is not essential for coexistence.
Observation 5: 3GPP can specify a channel raster that allows flexible use of the 57-71 GHz in different geographical regions.
Observation 6: Adopting a floating channelization scheme as in Rel-15 FR2 results in flexible and forward compatible design that can be used for any band that is introduced in Rel-17 and later release. Such a design allows for configuration of any channel center frequency (with granularity equal to the SCS). This is beneficial to support both licensed and unlicensed band definitions and naturally supports alignment with channels of other technologies if coexistence is deemed to be important for a given deployment. 
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