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1	Introduction
During RAN4#100-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 and UE requirements.  
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 the current two options decided in [1] as the starting point for RAN4 #101-e discussions on channelization.
2	Discussion
The FR2-1 covers the frequency range 24.25 – 52.6 GHz and with 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.  For 52.6 – 71 GHz, FR2-2, in the channelization design it is beneficial to consider the extension of FR2-1 channelization design for the following reasons:
1) Full channelization design is complete since it’s a simple extension of FR2-1, it is now only required an agreement for granularity of GSCN/ARFCN values (every 1, 2, or 3 value).
2) RAN4 specification effort is minimal compared to other alternatives
3) Clean formulations can be used for implementation (e.g. no large tables of each ARFCN/GSCN is required)
4) Provides support alignment with IEEE 802.11 ad/ay channels if required, alignment with any regional unlicensed spectrum allocation, alignment with any future licensed spectrum allocation
5) Fulfils WID objective to adhere to a harmonized unlicensed and licensed channelization design.
The following is the outcome agreement from RAN4 #100-e meeting.  The starting point for discussions is proposed to start with Option 1C and Option 1D.  The summary captures Option 1C is as no alignment to IEEE 802.11ad/ay, which is inaccurate.  The floating raster design allows for the flexibility to have alignment when needed but not obligated to align with IEEE 802.11ad/ay if not needed in region of operator. 
Furthermore, it was agreed in R4-2105410 that RAN4 shall seek a unified raster design for both licensed and unlicensed bands.  Option 1C and 1D provides a raster design which addresses both licensed and unlicensed designs, however Option 1D appears to have design complexities where it does not provide the goal of harmonization of both licensed and unlicensed.  Before RAN4 can agree on either Option 1C or 1D approach it is imperative to compare all design proposals in full, all supported ARFCN and GSCN points.  The latest email discussion summary is captured below: 
· Option 1: Harmonize channelization between licensed and unlicensed bands
· Option 1A: Align with IEEE 802.11ad/ay with fixed channelization
· Option 1B: No IEEE 802.11ad/ay alignment with fixed channelization (vivo, MTK)
· Option 1C: No IEEE 802.11ad/ay alignment and floating channelization (Nokia, Ericsson, ZTE, Xiaomi, OPPO, CMCC, Huawei)
· Option 1D: Hybrid between IEEE and no IEEE alignment with fixed channelization depending on max spectrum utilization and better coexistence (Intel, Charter, CATT, Sony, MTK, QCOM) 
· Option 1E: Fixed channelization with proper channel raster granularity to consider the co-existence with IEEE 802.11ad/ay alignment if needed. (CATT, Sony)
· Option 2: Separate channelization 
· For Licensed:
· Option 2A: No IEEE 802.11ad/ay alignment (Apple)
· For Unlicensed:
· Option 2B: Align with IEEE 802.11ad/ay (Apple, Sony)
Agreement: 
· For channel raster and sync raster, use Option 1C and Option 1D as starting point to seek the compromised solution.

2.3	Floating Channelization Design
It needs further highlighting that 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. 
Here we consider a floating channelization design as shown in Table 1 below for the 57 – 71 GHz band. In this 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: _Ref83374658]Table 1: Floating channelization design (Updated 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





Observation 1: With the exemplary floating channelization design, the complete simple design is available.  No requirement for further analysis on placement of each raster point as would be required (tabular format) as in Option 1D.  Where each numerology would need to be further studied.
In past RAN4 meeting [2] a GSCN granularity of every 2nd raster point was proposed.  Companies supportive of Option 1D commented upon the search complexity, to address the concerns we further analysed the raster design was further improved to consider step size of every 3rd point as can be shown in Table 1.  For the sync raster (GSCN) granularity, we assume 3*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). As shown in the table, this results in a total UE SSB search complexity for initial access of 270 + 67 = 337. This is significantly less than the target value of 665 stated in the updated WID [3] (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. As can be seen from Table 1, 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 the text extract above, the total search complexity for such a UE is 337, Table 1. 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 344 GSCN points for Band n259 which would mean a lower search complexity in the proposed channelization design presented in Table 1 than existing FR2-1 band (n259).
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 2: With the exemplary floating channelization design, the UE SSB search complexity is less (337 GSCN points) than the search complexity for a Rel-15 UE Band n259 (344 GSCN points).  Nearly half the search 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 3: 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 4: 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; and further not require any additional efforts in RAN4 at a later stage.  This is a key consideration given the guidance in the updated WID [3] (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
Observation 5: 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. 

[bookmark: _Hlk83708998]We would like to highlight the 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 Option 1-D design)

2.2	Fixed Channelization Design
As per WF [1] Option 1C and Option 1D are considered as the basis for continued channelization discussion.  The fixed channelization design considerations is captured as Option 1D as the starting point which is based upon proposals from [6].  In this section the focus on the details of the proposed design are further discussed.  For the 120kHz/100 MHz proposal from the description of the design Alt B would not be able to fit the proposed 136 number of channels based upon further analysis.  Taking the 2.16 GHz IEEE channel there would be at most 21 100 MHz channels giving a total of 126 channels.  Then additional 8 channels can be allocated between 70.2 – 71 GHz.  That would lead to 126 + 8 resulting in at most 134 channels.  Assuming that all Alt B is a mere subset of Alt A, meaning that all Alt A GSCN points can be reused for Alt B.  It can then be further assumed that Alt B can use Alt A design as a starting point and simply remove the channels that cross the IEEE channel boundaries.   

	SCS
	Nominal Channel Bandwidths

	
	100 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	
	Fixed CH
no align w/ IEEE
	Proposed
	Fixed CH
no align w/ IEEE
	Proposed
(Alt-A/B)
	Fixed CH
no align w/ IEEE
	Proposed
(Alt-A/B)
	Fixed CH
no align w/ IEEE
	Proposed
(Alt-A/B)
	Fixed CH
no align w/ IEEE
	Proposed

	120 kHz
	140
	136
	35
	34/30
	-
	-
	-
	-
	-
	-

	480 kHz
	-
	-
	35
	34/30
	17
	17/13
	8
	8/6
	-
	-

	960 kHz
	-
	-
	-
	 
	-
	-
	-
	-
	6
	6


Table 1.4-1. Number of channels for each (CBW, SCS) combination for fixed channelization [6]

As this is ambiguous [6] there can also be the alternative understanding that between Alt A and Alt B only a potential of X channels overlap where Alt B = Alt A + X = 136 + X.  This would need to be further clarified and commonly understood by RAN4 before analyses and conclusions can be made. 
Observation 6: Clear definition of example raster points are required for both Alt A and Alt B before search complexity can be calculated and concluded
In Figure 1 the red highlighted circles indicate the 100 MHz channels removed due to the boundary boarder of IEEE boarder.  This illustration is based upon this author’s interpretation of one possibility based upon design description presented in RAN4#100-e.   
 [image: ]
 [image: ]
Figure 1: Option 1D Analysis for Alt A and Alt B where Alt A/B is assumed to be aligned with left board of IEEE channel and Alt B punctured channels where IEEE channel boarder crosses (top) zoomed in dropped channels with details (below).


As proposed in [6] Alt A and Alt B definitions were introduced:
· Alternative A: for sub-optimum spectrum utilization where NR channels are placed across three consecutive IEEE channels.
· Alternative B: for better coexistence where NR channels are confined within an IEEE 802.11ad/ay channel. 

Further descriptions lead the author to understand that the Alt B portion of the design is a “NR channelization design centered around IEEE 802.11 ad/ay”.  Similar to the discussion point above it’s unclear which Alt A and Alt B proposed GSCN points are overlapping between Alt A and Alt B in order to accurately evaluate the total number of GSCN for Alt A and Alt B, i.e., the search complexity.  
Simply removing any channels from Alt A which cross the IEEE channels is the assumption shown in Figure 1 for 100 MHz is correct and applies for all other channel bandwidths i.e. removes any channels which cross the boarder of the IEEE channel and then it becomes a lot of spectrum wastage as in some scenarios for 800 MHz for example only 2 * 800 MHz can fit and in the diagrams shown in [6] .  It is then optimized with Alt B where the channels are then centered and contained within the IEEE channel borders.  In this example it would be 2 * 800 MHz centered on the channel leaving 560 MHz of unused spectrum.  
Observation 7: Alt B design provides a channelization design where the maximum number of channels of each nominal bandwidth is centered on the IEEE channels.  E.g. 2 * 800 MHz, 1 * 1600 MHz, 5 * 400 MHz, 136 * 100 MHz.  
What are the aligning GSCN points between Alt A and Alt B (if any)?  
It is of course possible to interpret the intension in another manner, in which the basis design of Alt B is first to start with Alt A design and simply remove any channel which crosses the boundary puncturing holes of 400, 800 or 1600 wide.   

[image: ]
Figure 2: After removing the channels located in the red circles above, how (if needed) would the shift of channel placements be applied in order to be contained within the IEEE channel
Observation 8: If Option 1D is understood as aligning as many Alt A and Alt B GSCN points to reduce search complexity the method would be understood as simply removing the channels which cross the boundary.
As the above observations have highlighted there are still outstanding uncertainties which need to be clarified by proponent companies of Option 1D or fixed design options.  The observations and questions posed above are details of the fixed design that need to be further shown by means of GSCN and ARFCN values.  Otherwise, it is not possible to make a direct comparison between Options 1-C and 1-D.
Proposal 1: Alt A and Alt B (or other fixed designs) GSCN and ARFCN full list values are required for complete understanding of channelization design proposal.

2.3 Option 1C and Option 1D Search Complexity Comparison
Moreover, the current fixed (Option 1D) channelization designs shown has been a primary focus on IEEE alignment.  As explained in Observations 2-5in Section 2.1 of this contribution there is no requirement from any regulatory fora.  It has also been concluded in previous RAN and RAN4 agreements that a harmonized design shall be considered for both unlicensed and licensed.  One suggestion has been to support a floating design for licensed 66 – 71 GHz and fixed for unlicensed for 57-71 GHz and break up to support 2 separate channelization designs.  Based upon Option 1C and 1D latest GSCN values the following diagram can summarize the search complexity aspects.  Please note that the calculated numbers shown in Figure 3 (below) is dependent on the current understanding of Option 1D channelization design as the complete fixed raster design could be larger as stated in Section 2.2 it’s unclear how Alt B = 136 + X where X is unknown.  However, as a starting point for comparison the following numbers have been used to better understand the full search complexity.  The RAN4 work and design complications of supporting both a fixed and floating channelization design would only offset a total of 47 GSCN values with the high cost of flexibility and future proofing a design for future needs of this spectrum allocation.
Observation 11: The total difference of 47 GSCN is not enough to justify the cost of flexibility and future compatibility of channelization design.
[image: ]
 
Figure 3: Visual comparison for discussed proposed channelization approaches for 57-71 GHz
Note: the calculations derived in Figure 3 for fixed 57 -71 GHz is assumption that Alt B channels are a pure subset of Alt A channels that gives 136 + 34 = 170 GSCN points.  For the split spectrum ranges, I have just counted the number of GSCN points per range for the two designs (fixed and floating).

3	Conclusion
In this contribution the following key observations and proposals were outlined:
Observation 1: With the exemplary floating channelization design, the complete simple design is available.  No requirement for further analysis on placement of each raster point as would be required (tabular format) as in Option 1D.  Where each numerology would need to be further studied.
Observation 2: With the exemplary floating channelization design, the UE SSB search complexity is less (337 GSCN points) than the search complexity for a Rel-15 UE Band n259 (599 GSCN points).  Nearly half the search points.
Observation 3: 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 4: 3GPP can specify a channel raster that allows flexible use of the 57-71 GHz in different geographical regions.
Observation 5: 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. 
Observation 6: Clear definition of example raster points are required for both Alt A and Alt B before search complexity can be calculated and concluded
each nominal bandwidth is centered on the IEEE channels.  E.g. 2 * 800 MHz, 1 * 1600 MHz, 5 * 400 MHz, 136 * 100 MHz.  
What are the aligning GSCN points between Alt A and Alt B (if any)?  
Observation 8: If Option 1D is understood as aligning as many Alt A and Alt B GSCN points to reduce search complexity the method would be understood as simply removing the channels which cross the boundary.
Proposal 1: Alt A and Alt B (or other fixed designs) GSCN and ARFCN full list values are required for complete understanding of channelization design proposal.
Observation 9: The total difference of 42 GSCN is not enough to justify the cost of flexibility and future compatibility of channelization design.
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