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1	Introduction
During the SI phase, discussion on minimum and maximum channel bandwidths lead to inclusion of the following table (Table 4.2.7-1) in TR 38.808.
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 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 is therefore the intention of this contribution to motivate the need for supporting 100 MHz as the minimum channel bandwidth for 120 kHz subcarrier spacing, instead of 50 MHz. This discussion is needed since RAN1 has now assessed the impact of the minimum bandwidth and has provided an LS to RAN4 [2] in which only minimum bandwidths ≥ 100 MHz are listed as options.
2	Discussion
In Rel-15, the following channel bandwidths are supported in FR2: 50, 100, 200 and 400 MHz where FR2 covers the frequency range 24.25 – 52.6 GHz.   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, applicability of FR2 requirements considering new RF technology trends, and channelization design considering regional spectrum allocations.  
2.1	Regional Spectrum Allocations
Figure 1 illustrates the spectrum allocations in the 14 GHz frequency range spanning 57 – 71 GHz in various regions around the world taken from Table 4.2.1-1 of [3]. As can be seen, the regional frequency allocations consist of different subsets of a set of {2, 5, 2, 5} GHz blocks. The US and Europe/CEPT have the largest allocations: all 14 MHz allocated to unlicensed. Other regions have smaller allocations, with China having the smallest (5 GHz). A 5 GHz block allocated to IMT (licensed operation) is also defined from 66 – 71 GHz.
[image: ]
[bookmark: _Ref67925095]Figure 1: Regional frequency allocations in the 57 – 71 GHz portion of the 52.6 – 71 GHz band (from [3])
2.2	Minimum bandwidth for 120 kHz SCS
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. This discussion highly depends on the overall channelization design that RAN4 will eventually adopt.
One option for a channelization design to cover the regional allocations shown in Figure 1 is to simply adopt the same flexible approach that was used in NR Rel-15, where any ARFCN and suitable GSCN can be chosen to configure a particular channel for a given subcarrier spacing and channel bandwidth. In Rel-15, the channel and sync rasters were designed with the key property that enabled a very flexible channel placement, while at the same time maintaining a reasonable UE SSB search complexity. In FR2 this was achieved by defining a global sync raster with a very fine granularity, , and a sync raster with much more coarse granularity,  (ref: Section 5.4 of 38.101-2 ). In the 14 GHz frequency range from 57 – 71 GHz, there are 233,333 global channel raster points (ARFCNs) which define a potential channel center 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, and this complexity scales with each SCS that is supported, such that the overall search complexity can become prohibitive due to the large total spectrum allocation (14 GHz). 
In Rel-15, the high flexibility was desirable considering the many different spectrum allocations for different operators around the world and the fact that many lower-band 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 as shown in Figure 1.
For such large, well-defined contiguous blocks of spectrum, it is more appropriate to consider a "fixed" channelization design Section 2.2 Channel Design in [4]. 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 (analogous to what was done for Rel-16 NR-U and LTE-LAA). For a fixed design with only one (or a small number) of sync raster points (GSCNs) defined for each channel bandwidth, the minimum bandwidth is important to consider from at least two perspectives:
· Needed granularity considering the regional spectrum allocations
· UE SS/PBCH search complexity
Regarding the first aspect, it is clear from Figure 1 that there are large contiguous blocks of spectrum available in each region, in contrast to other bands which may contain small fragmented blocks of spectrum. Hence we observe
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.
For the second aspect, the number of sync raster points (GSCNs) that the UE needs to search for SS/PBCH during initial access is directly related to the minimum channel bandwidth, since the number of channels in 14 GHz is inversely related to the minimum bandwidth. For example, with a minimum channel bandwidth of 100 MHz, there are 140 such channels. For a fixed design with only a single sync raster point per channel, the UE is then only required to search 140 sync raster points. If the minimum bandwidth is 50 MHz instead, this search complexity increases by 100% (doubles). Considering support of more than one SCS, can lead to too large a search complexity, and remove the advantage of introducing a fixed channelization design.
Observation 2: For a fixed channelization design for the 57 – 71 GHz band, if the minimum channel bandwidth would be 100 MHz, the SS/PBCH search complexity for 120 kHz SCS is on the order of 140 GSCNs. In contrast, if 50 MHz minimum bandwidth would be adopted, this search complexity doubles, thus reducing the advantages of adopting a fixed design.

For this reason, RAN1 did not include 50 MHz as one of the options in the incoming LS on minimum channel bandwidth for 120 kHz SCs. The recommendation from RAN1 was to consider at least 100 MHz.
A third 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.
Based on these aspects, we propose
Proposal 1: For the minimum bandwidth for 120 kHz SCS, support Option 1-1 (100 MHz).
Regarding 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.
2.3	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.
Proposal 2: For the minimum bandwidth for 480 kHz SCS, support Option 2-2 (400 MHz).
2.4	Bandwidths for 960 kHz SCS
The incoming LS from RAN1 lists 2 options for the maximum bandwidth (2000 and 2160 MHz) and 3 options for the minimum bandwidth (400, 800, and 2000/2160), dependent on the maximum bandwidth decision. 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.
Proposal 3: For the maximum bandwidth for 960 kHz SCS, support 2160 MHz.
Since the maximum bandwidth for 480 kHz SCS was agreed in RAN1 as 1600 MHz, it is redundant to introduce minimum channel bandwidths that are less than or equal to 1600 MHz. Hence this leaves Option 3-3 (same value as the maximum for 960 kHz SCS), i.e., 2160 MHz. Furthermore, this is beneficial from the perspective of minimizing the number of permutations of channel bandwidth/SCS from a requirements and conformance perspective.
Proposal 4: For the minimum bandwidth for 960 kHz SCS, support Option 3-3 (same value as the maximum channel bandwidth for 960 kHz SCS) i.e., 2160 MHz.
3	Conclusion
In this contribution the following proposals have been presented as justifications for draft LS response (included): 
Proposal 1: For the minimum bandwidth for 120 kHz SCS, support Option 1-1 (100 MHz).
Proposal 2: For the minimum bandwidth for 480 kHz SCS, support Option 2-2 (400 MHz).
Proposal 3: For the maximum bandwidth for 960 kHz SCS, support 2160 MHz.
Proposal 4: For the minimum bandwidth for 960 kHz SCS, support Option 3-3 (same value as the maximum channel bandwidth for 960 kHz SCS) i.e., 2160 MHz.
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1	Overall description
RAN WG4 received the incoming LS from RAN WG1 on maximum and minimum channel bandwidth for NR operation in 52.6 to 71 GHz.  In the LS, WG RAN1 states that the following agreement on maximum channel bandwidth for NR operation in this frequency range has been made:
· The maximum channel bandwidth for 120 kHz SCS is 400 MHz
· The maximum channel bandwidth for 480 kHz SCS is 1600 MHz
· The maximum channel bandwidth for 960 kHz SCS is one of the following options
· 2000 MHz
· 2160 MHz
Additionally, RAN WG4 has been requested by RAN WG 1 for input relating to the minimum channel bandwidth for NR operation in 52.6 GHz to 71 GHz.  RAN WG1 has also discussed and identified at least the following options of the minimum channel bandwidth for NR operation in 52.6 GHz to 71 GHz.
· for 120 kHz SCS
· Option 1-1: 100 MHz
· Option 1-2: 200 MHz
· Option 1-3: 400 MHz
· for 480 kHz SCS
· Option 2-1: 200 MHz
· Option 2-2: 400 MHz
· for 960 kHz SCS
· Option 3-1: 400 MHz
· Option 3-2: 800 MHz
· Option 3-3: same value as the maximum channel bandwidth for 960 kHz SCS

It is RAN WG4 decision to consider the following minimum and maximum channel bandwidths:
	Subcarrier spacing [kHz]
	Minimum bandwidth [MHz] 
	Maximum bandwidth [MHz] 

	120
	100
	400 

	480
	400 
	1600

	960
	2160 
	2160 



2	Actions
To RAN WG1 
ACTION: 	RAN WG4 kindly request RAN WG1 take above information into account in their work.

3	Dates of next TSG RAN WG 4 meetings
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3GPP RAN4#100-E, 2021-08-16 - 2021-08-27, Electronic Meeting
3GPP RAN4#100bis-E, 2021-11-01 - 2021-11-12, Electronic Meeting
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