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1	Introduction
As the WI starts for extending current NR operation to 71 GHz the fundamental system parameters are required to be studied and agreed within RAN4 as it is a dependency on BS or UE requirements.  During the SI, both RAN1 and RAN4 have not had sufficient time to thoroughly study impacts to bandwidth with respect to channel raster.  RAN1 also has not started to study the implications of the channel raster of which RAN4 shall decide, although some aspect such as UE SSB search time has already begun to be discussed.  

The focus of this contribution is to provide analysis on impacts of bandwidth, 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.   For the frequency range 52.6 - 71 GHz it is necessary to revisit the selection of supported channel bandwidths due to many aspects, e.g., newly defined subcarrier spacings, UE SSB search time and complexity as a function of minimum bandwidth, spectrum utilization considering new RF technology trends, and channelization design considering regional spectrum allocations.  
2.1	Bandwidths
Nominal channel bandwidth definitions are needed as input for system requirements and channelization design.  Additionally, RAN1 is urgently awaiting input from RAN4 in order to make progress in physical layer design.  The following table (Table 4.2.7-1) in TR 38.808 is shown below:
Table 4.2.7-1: Minimum and maximum channel bandwidths for supported numerologies
	Subcarrier spacing [kHz]
	Minimum bandwidths [MHz] 
	Maximum bandwidths [MHz] 

	120
	50
	400 

	480
	200 
	1600

	960
	400, 2160 (Note)
	1600, 2000, 2160, 3200 (Note)

	Note: for the cases where multiple values are listed as candidates, there is no direct linking among min and max values in this table. Further down-scoping is deferred to the WI phase, when RAN1 design conclusions will be also considered.


  
Minimum bandwidth for 120 kHz SCS

Minimum bandwidth of 100 MHz was discussed during the SI based on a proposal in [1].  However, 100 MHz was not listed in the TP for TR38.808 due to lack of clear understanding of the motivation by some companies. More importantly, during the SI, RAN1 had not had a chance to provide an assessment of the RAN1 impact of the minimum bandwidth.  As indicated by the note in Table 4.2.7-1 from TR38.808 RAN1 design conclusions is part of decision on supported numerologies.

It has already been agreed that at least SS/PBCH block with 120 kHz SCS is to be supported for the 52.6 – 71 GHz band, and that this subcarrier spacing is supported for initial access. Hence, it is important to first discuss what channel bandwidths, including minimum channel bandwidth, are supported for this SCS. In the 14 GHz continuous frequency range from 57 – 71 GHz, there are 233,333 global channel raster points (ARFCNs) which define a potential channel centre frequency. Furthermore, there are 810 sync raster points (GSCNs), which sets an upper bound on the UE SSB search complexity for a given SSB subcarrier spacing. This is anywhere from 3.5 – 4.7 times larger than most of the FR2 bands (n257 – n260) defined in Rel-15. If multiple SCSs are supported for initial access, this complexity scales with each SCS that is supported, such that the overall search complexity becomes can become prohibitive due to the large spectrum allocation (14 GHz).  In Rel-15, such flexibility was desirable for Rel-15 considering the many different spectrum allocations for different operators around the world and the fact that spectrum allocations are often quite fragmented. However, such flexibility is not necessarily needed for the 57 – 71 GHz band where the spectrum allocation is defined in large contiguous blocks.  

Observation 1: The 57 – 71 GHz band consists of large blocks of contiguous spectrum. Supporting a small channel bandwidth (e.g., 50 MHz) is not motivated, since small blocks of fragmented spectrum do not exist in this band.

Another drawback of 50 MHz channel bandwidth is that if the spectral utilization is any less than 92% (corresponds to 32 RBs, as specified in Rel-15), then there exist multiple 50 MHz channels for which an SS/PBCH block with 120 kHz SCS will not fit within the channel. This makes some of the 280 channels unusable, creating a spectrum wastage issue.  The consideration of the spectral utilization needs further study and some initial aspects already highlighted in Section 2.3 of this contribution.  

However, with coverage as a key consideration for supporting smaller channel bandwidths (e.g. 50 MHz) it is necessary to still maintain a minimum bandwidth with this aspect in mind.  For the other options for minimum bandwidth (200 and 400 MHz), these are not attractive for scenarios where coverage is important. Furthermore, 400 MHz is the maximum supportable bandwidth for 120 kHz in the first place; it does not make sense to remove all configuration flexibility for 120 kHz SCS.

Minimum bandwidths for 480 kHz SCS

The incoming LS from RAN1 lists two options for minimum channel bandwidth for 480 kHz SCS: 200 and 400 MHz. Given that the maximum channel bandwidth for 120 kHz has been agreed as 400 MHz (as in Rel-15), it is redundant to introduce a minimum channel bandwidth less than 400 MHz for 480 kHz SCS. Furthermore, the extra granularity for 200 MHz would not be beneficial especially considering the implicated cost for unnecessary permutations from a requirements and conformance perspective that would come from an unnecessary addition of a channel bandwidth option. 200 MHz can be achieved easily using 120 kHz SCS either with a single carrier (if 200 MHz bandwidth is also supported for 120 kHz SCS) or by aggregation of two 100 MHz carriers.

Bandwidths for 960 kHz SCS

According to the discussion during the study item phase, the rationale for introducing 960 kHz SCS was that without it, it would not be possible to achieve the same channel bandwidth as 802.11ay, and thus not be competitive. For this reason, it makes little sense to be satisfied with anything less than 2160 MHz for the maximum bandwidth.  As Table 4.2.7-1 shows there was discussion for a maximum bandwidth greater than 2160 MHz, 3200 MHz.  As seen in Figure 3 below, the 802.11ay standard itself supports partially overlapping channels for channel bandwidths >2.16 GHz, e.g., Chanel #10 overlaps both Channel #9 and Channel #11. Hence, avoiding overlap in the NR channelization design should not be the guiding design criterion for all channels of all bandwidths. Rather, efficient use of the band with good alignment to regional spectrum allocations should be the starting point.
[image: ]
[bookmark: _Ref61878714]Figure 3: Channelization used by IEEE 802.11ay. It can be observed that channels with bandwidths >2.16 GHz overlap with each other.
Observation 2:  Maximum channel bandwidth for 960 kHz SCS should not be larger than 2.16 GHz due to overlapping channels

2.2	Channelization Design
During Rel-15 the channel and sync rasters were designed with considerations of a more flexible approach but with the implication of higher search complexity compared to a fixed design. We refer to this as “floating” channelization.  For this “floating” design any ARFCN and suitable GSCN can be chosen to configure a particular channel, with a global channel raster granularity of .  Now the need for defining a channel raster with such high granularity is lower compared to existing FR2 since the high flexibility was chosen for Rel-15 considering the many different spectrum allocations for different operators around the world and the fact that spectrum allocations are often quite fragmented.  In the 14 GHz frequency range from 57 – 71 GHz, there are 233,333 global channel raster points (ARFCNs) which define a potential channel centre frequency. Furthermore, there are 810 sync raster points (GSCNs), which sets an upper bound on the UE SSB search complexity for a given SSB subcarrier spacing (sync raster granularity = 17.28 MHz)

Observation 3: Unlike existing FR2 the 52.6 – 71 GHz frequency range has less fragmented spectrum allocations giving the possibility to consider a “fixed” raster design.

Instead of adopting the Rel-15 "floating" channelization design, RAN4 should consider instead a "fixed" channelization design for 52.6-71 GHz. In this design, the potential channel positions are restricted to a small subset of the 233,333 possible ARFCNs. Furthermore, with a fixed channelization, it is sufficient to define at least a single sync raster point (GSCN) for each channel centre frequency (ARFCN) corresponding to the minimum channel bandwidth. For example, with 100 MHz minimum bandwidth, there are 140 channels in the 14 GHz frequency range from 57 – 71 GHz, and thus there are at least 140 needed sync raster points (GSCNs). This sets a lower limit on the UE SSB search complexity for a given SSB subcarrier spacing. Clearly, the number of needed ARFCN-GSCN combinations is much reduced compared to the Rel-15 "floating" design, resulting in a much lower UE SSB search complexity.

Proposal 1: RAN4 to agree only fixed channelization design support

Based upon the analysis from [2] and Section 2.1 of this contribution, the following numerologies supported can be summarized in Table 1.  For the fixed design we assume the channel bandwidths shown in Table 1 are supported, where the quantity  represents the nominal channel bandwidth

[bookmark: _Ref67489173]Table 1: Channel bandwidths supported for fixed channelization design
	Subcarrier
Spacing

	Nominal Channel Bandwidth


	
	100
MHz
	400
MHz
	800
MHz
	1600
MHz
	2160
MHz

	120 kHz
	
	
	-
	-
	-

	480 kHz
	-
	
	
	
	-

	960 kHz
	-
	-
	-
	-
	



We assume the following:
· The minimum channel bandwidth is 100 MHz, see Section 2.1 and [2] 
· The maximum channel bandwidth is 2160 MHz which is consistent with the claimed purpose of introducing 960 kHz SCS to allow a channel bandwidth that is competitive with 802.11ad/ay
For each bandwidth/SCS combination , the goal is to define a set of fixed channel positions (ARFCNs) with spacing  between successive channels within the frequency range 57 – 71 GHz. However, one can observe immediately that the nominal channel bandwidths are not evenly divisible by either 120, 480, or 960 kHz SCS, i.e.,  is not an integer number of subcarriers. For example, 100 MHz divided by 120 kHz results in . To overcome this, the channel spacing can be organized in a pattern 833, 834, 833 subcarriers that repeats across the whole frequency range. Hence on average, the channel spacing is 100 MHz, despite the fact that any one channel has bandwidth either 99.96 MHz (833 subcarriers) or 100.08 kHz (834 subcarriers).
To generalize this, let the index  indicate a channel number for a particular bandwidth/SCS combination . For example, for the 100 MHz minimum channel bandwidth for 120 kHz SCS, the channel index  runs from 0 to 139 (140 channels) which covers the entire 14 GHz frequency range from 57 – 71 GHz.
The channel spacing between the -th and -th channel is denoted

Table 2 lists channel spacings as a function of the channel index. Clearly the spacing pattern repeats every 3 channels by virtue of the  term.
[bookmark: _Ref67491713]Table 2: Channel spacings (# of subcarriers) as a function of the channel number  for each  combination for the fixed channelization design
	Subcarrier
Spacing
∆𝑓
	
	Nominal Channel Bandwidth


	
	
	100
MHz
	400
MHz
	800
MHz
	1600
MHz
	2160
MHz

	120 kHz
	0
	833
	3333
	-
	-
	-

	
	1
	834
	3334
	-
	-
	-

	
	2
	833
	3333
	-
	-
	-

	480 kHz
	0
	-
	833
	1667
	3333
	-

	
	1
	-
	834
	1666
	3334
	-

	
	2
	-
	833
	1667
	3333
	-

	960 kHz
	0,1,2
	-
	-
	-
	-
	2250



Observation 4: Channel spacing can be arranged by spacing 3 set of subcarriers (e.g. 833, 834, 833 for 100 Mhz / 120 kHz) repeated over a continuous span of the frequency range or simpler put .
Now let the ARFCN corresponding to -th channel to be written in terms of the ARFCN for the -th channel as follows

where  is the global channel raster granularity. The factor  ensures that the channel spacing between ARFCNs is an integer number of subcarriers.
For the fixed design, it is necessary to specify the ARFCN for the first channel  and the number of channels  for each bandwidth/SCS combination . Several design criteria can be used for this, e.g.,
· For 120 and 480 kHz SCS
·  is chosen so the left edge of the first channel is greater than or equal to 57 GHz 
·  is chosen so the right edge of the last channel is less than or equal to 71 GHz
· For 960 kHz SCS with 2160 MHz channel bandwidth
·  is chosen so the left edge of the first channel aligns as closely as possible with the lowest frequency of the first 802.11 ad/ay channel. As shown in Figure 2, the low edge of the first 802.11ad/ay channel occurs at 57.24 GHz. This criterion ensures that the 2160 MHz channels are well aligned with the 6 defined 802.11ad/ay channels.
Using the above criteria Table 3 shows the resulting ARFCNs for the first channel  for each  combination.
[bookmark: _Ref67493511]Table 3: ARFCN of first channel () for each  combination for the fixed channelization design
	Subcarrier
Spacing

	Nominal Channel Bandwidth


	
	100
MHz
	400
MHz
	800
MHz
	1600
MHz
	2160
MHz

	120 kHz
	2563333
	2565833
	-
	-
	-

	480 kHz
	-
	2565831
	2569167
	2575831
	-

	960 kHz
	-
	-
	-
	-
	2584507



For a fixed channelization design developed in the previous section defines the following number of channels N (ARFCNs) for each subcarrier spacing:
[bookmark: _Ref67650224]Table 4: Number of channels for each  combination for the fixed channelization design
	Subcarrier
Spacing

	Nominal Channel Bandwidth


	
	100
MHz
	400
MHz
	800
MHz
	1600
MHz
	2160
MHz

	120 kHz
	140
	35
	-
	-
	-

	480 kHz
	-
	35
	17
	8
	-

	960 kHz
	-
	-
	-
	-
	6



As discussed previously, the benefit of specifying a fixed channelization design (vs. "floating" as specified in Rel-15) is to facilitate a reduced UE SSB search complexity during initial access. Since the channels (ARFCNs) are fixed, generally speaking, it is necessary to define only a single sync raster point (GSCN) per minimum channel bandwidth for each SSB SCS that is supported for initial access. 
Observation 5: The advantage of a fixed channel raster is that only a single raster sync point (GSCN) per minimum channel bandwidth needs to be defined and a reduction of search points compared to supporting fixed and floating rasters.
The fixed channelization design described above is illustrated in Figure 2. In this illustration, we assume a shift of the starting ARFCNs in Table 3 is applied to maximize the number of channels for 480 kHz SCS in the 5 GHz spectrum allocation in China (the smallest allocation amongst all regions). This results in 12/6/3 channels corresponding to 400/800/1600 MHz bandwidth instead of only 11/5/2.

[image: ]
[bookmark: _Ref67497125]Figure 2: Fixed channelization design based on 100 MHz minimum channel bandwidth

2.3	Spectrum Utilization
The detailed level of spectrum utilization for NR in 52.6-71 GHz for supported numerologies and channel bandwidths would require detailed investigation once the supported channel bandwidths as well as transmitter in-band and receiver ACS/Blocking requirements are settled. The transmitter in-band requirements such as ACLR and receiver ACS will translate to channel filter needed attenuation requirements. 
As spectrum utilization is used to derive other requirements such as channelization and SSB raster design, a reasonable and feasible spectrum utilization of ~85% can be assumed at this stage taking to account the following:
· Large array sizes with reduced size where the filtering resources need to be optimized considering both size and thermal aspects
· Large bandwidths of up to 2.16 GHz where depending on requirements above, the filtering could be more challenging.
· Higher SCS resulting in higher modulation spectra as 960 kHz SCS will have at least 6 dB higher modulation spectra compared to 120 kHz SCS.
Later in the WI phase when both channel bandwidths, requirement levels have been agreed, detailed studies on feasible spectrum utilization given the reasonable implementation complexity should be performed.  
Observation 6: Large array sizes, bandwidths and higher SCS compared to Rel-15 FR2 numerologies which has impact on overall feasible spectrum utilization values.

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

Observation 1: The 57 – 71 GHz band consists of large blocks of contiguous spectrum. Supporting a small channel bandwidth (e.g., 50 MHz) is not motivated, since small blocks of fragmented spectrum do not exist in this band.
Observation 2:  Maximum channel bandwidth for 960 kHz SCS should not be larger than 2.16 GHz due to overlapping channels
Observation 3: Unlike FR2 the 52.6 – 71 GHz frequency range has less fragmented spectrum allocations giving the possibility to consider a “fixed” raster design.
Observation 4: Channel spacing can be arranged by spacing 3 set of subcarriers (e.g. 833, 834, 833 for 100 Mhz / 120 kHz) repeated over a continuous span of the frequency range or simpler put .
Observation 5: The advantage of a fixed channel raster only a single raster sync point (GSCN) per minimum channel bandwidth is needed to be defined and a reduction of search points compared to supporting fixed and floating rasters.
Observation 6: Large array sizes, bandwidths and higher SCS compared to Rel-15 FR2 numerologies which has impact on overall feasible spectrum utilization values.
Proposal 1: RAN4 to agree only “fixed” channelization design support
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