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Introduction
In the last RAN4 meeting, the study item on supporting NR from 52.6 GHz to 71GHz was concluded. The temporary conclusion on numerologies and channel bandwidths was captured in [1]. In the meantime, an LS [2] on bandwidths and channelization was sent by RAN1 to RAN4. In this contribution, we further discuss the numerology and channel bandwidths based on the inputs from RAN1 and the conclusions in RAN4.
Discussion
During the study item phase, the consensus was reached that RAN4 will further investigate the supported minimum and maximum channel bandwidths during WI, and RAN1 design conclusions will also be considered [1]. RAN1’s conclusion on supported channel bandwidths can be found in [2]. The conclusions on channel bandwidths from RAN1 and RAN4 are summarizes as Table 1:
Table 1: Combination of RAN1 and RAN4’s conclusions on channel bandwidth.
	Subcarrier spacing [kHz]
	Minimum bandwidths [MHz] 
	Maximum bandwidths [MHz] 

	120
	50,100,200, 400 (Note)
	400 

	480
	200, 400
	1600

	960
	400, 800, 2160, same value as the maximum channel bandwidth for 960 kHz SCS (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. 


According to Table 1, the minimum channel bandwidth for each SCS and the maximum bandwidth for 960kHz can be very diverse, which needs further discussion.
When it comes to minimum channel bandwidth, it will have an impact on the speed of initial accessing the network for UEs. Minimum channel bandwidth 50MHz was supported by some companies for trying to reuse the metrics defined in FR2. However, the situation is different in B52.6G. The operating bands defined for B52.6G are most likely to have larger spectrum holdings than the bands in FR2. If the same minimum channel bandwidths are used for B52.6G, the number of sync raster points can be multiple times of that for FR2. This can be illustrated in Figure 1.

Figure 1. Possible ways of defining sync raster for B52.6G
Figure 1 shows the possible ways of defining sync raster for B52.6G. The method showed above follows the principle in NR, which is sliding the minimum channel bandwidth in the band with the granularity of channel raster, while ensuring all the possible channels can contain at least one SSB. Another way of defining sync raster is using the same method as NR-U: the channel is evenly, continuously spaced in the band, and every channel position has one fixed SSB. Regardless of which way to define sync raster, it is approximately estimated that the number of raster points for 50MHz is eight times of the number of raster points for 400MHz. Therefore, searching SSB with 50MHz minimum channel bandwidth is much more time-consuming than that of 400MHz minimum channel bandwidth.
From the perspective of the searching speed for SSB, the minimum channel bandwidth with 400MHz has more advantage than smaller minimum channel bandwidth.
[bookmark: _Hlk61444455]Observation 1: Searching SSB with smaller minimum channel bandwidth is much more time-consuming than that of 400MHz minimum channel bandwidth.

Minimum channel bandwidth will also have an impact on the supported channel bandwidth set for B52.6G. In FR2, the supported channel bandwidth set is {50M, 100M, 200M, 400M}. For B52.6G, it is most likely to support larger maximum channel bandwidth than FR2. Assuming 2000MHz as the maximum channel bandwidth, if 50MHz is used as the minimum channel bandwidth for B52.6G, then the channel bandwidth set supported is {50M, 100M, 200M, 400M, 800M, 1200MHz, 1600MHz, 2000MHz}.
In the same assumption of maximum channel bandwidth, if 400MHz is chosen as the minimum channel bandwidth, then the supported channel bandwidth set is {400M, 800M, 1200M, 1600M, 2000M}.
It is obvious that with 400MHz as the minimum channel bandwidth, the scale of the channel bandwidth set is more reasonable. The core RF requirements are defined based on the supported channel bandwidths. When 50MHz is chosen as the minimum channel bandwidth, the number of supported channel bandwidths is larger, then more workload needs to be paid defining the core RF requirements.
Furthermore, from implementations point of view, supporting the channel bandwidth set from smaller minimum channel bandwidth up to 2000MHz, the area of the chip design would be larger and the cost will be relatively higher than the design with larger minimum channel bandwidth.
[bookmark: _Hlk61444490]Observation 2: With 400MHz as the minimum channel bandwidth, the scale of the channel bandwidth set is more reasonable, the workload of defining the RF requirements is lighter.

The minimum channel bandwidth may potentially impact the RAN1’s physical layer design. Three different SSB multiplexing methods have been supported in existing specification, as illustrated in Figure 2. For pattern 1, the SSB is TDMed with CORESET and RMSI. For pattern 2 and 3, the SSB is FDMed with CORESET and RMSI. For B52.6, since the FDM manner of pattern 2 and pattern 3, it shows some problems with 50M minimum channel bandwidth:
· [bookmark: _Hlk61442948]With 120kHz SCS, 50 MHz minimum channel bandwidth with NRB of 32 RBs.
· [bookmark: _Hlk61443011]20 RBs for SSB, at most 12 RBs for RMSI/CORESET (Pattern 2/3)
· With 120kHz SCS, 100 MHz minimum channel bandwidth with NRB of 66 RBs. 
· 20 RBs for SSB, at most 46 RBs for RMSI/CORESET (Pattern 2/3)
· With 120kHz SCS, 400 MHz minimum channel bandwidth with NRB of 132 RBs. 
· 20 RBs for SSB, at most 112 RBs for RMSI/CORESET (Pattern 2/3)
· With 120kHz SCS, 400 MHz minimum channel bandwidth with NRB of 264 RBs. 
· 20 RBs for SSB, at most 244 RBs for RMSI/CORESET (Pattern 2/3)

Figure 2. Multiplexing of CORESET, SSB, RMSI
[bookmark: _Hlk61443227]It can be observed that with 50MHz minimum channel bandwidth, there may not be enough RBs for RMSI/CORESET.
Observation 3: With smaller minimum channel bandwidth, there may not be enough RBs for RMSI/CORESET.
In FR2, the maximum transmission bandwidth configuration for all candidate minimum channel bandwidths for 120kHz in Table 1. The maximum transmission bandwidth configuration for 50MHz is 32 RB and the spectral efficiency is 92.16%; while for 400MHz, the spectral efficiency is 95.04%. It can be observed that 400MHz has higher spectral efficiency than 50MHz. For B52.6G, larger minimum channel bandwidth 400MHz is preferred for higher spectral efficiency.

Table 2 Maximum transmission bandwidth configuration NRB
	[bookmark: OLE_LINK11][bookmark: OLE_LINK12]SCS (kHz)
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	120
	32
	66
	132
	264

	Spectrum Efficiency
	92.16%
	95.04%
	95.04%
	95.04%



Observation 4: For B52.6GHz, 50MHz has the lowest spectral efficiency than other candidate minimum channel bandwidths.
[bookmark: _Hlk68107131]It is proposed to support 400MHz as minimum channel bandwidth for 120kHz SCS.
With 400MHz minimum channel bandwidth for 120kHz SCS, the minimum channel bandwidth for 240kHz should be 400MHz at least. Based on the candidate options listed in Table 1, it is natural to down select 400MHz as the minimum channel bandwidth for 240kHz.
[bookmark: _Hlk68107528]It is proposed to support 400MHz as minimum channel bandwidth for 240kHz SCS.
For the minimum channel bandwidths for 960kHz, we still propose 400MHz. Thus, there is a unified minimum channel bandwidth for all SCS. When considering the sync raster for B52.6GHz, it would simplify the raster design with the assumption of only one minimum channel bandwidth for all SCSes.
It is proposed to support 400MHz as minimum channel bandwidth for 960kHz SCS.
As for the maximum channel bandwidth for 960kHz, with all of these candidate options (1600, 2000, 2160, 3200MHz), 2000MHz channel bandwidth would be our first choice. To be competitive with IEEE 802.11 ad/ay, around 2GHz should be supported as the maximum single carrier bandwidth. Between 2160GHz and 2000MHz, our preference is 2000MHz. During WI phase, the CA mechanism will be discussed, and 2000MHz can be achieved using smaller channel bandwidths, like 400MHz, while 2160 MHz cannot be achieved. The intention of proposing 2160MHz is to align the channelization with IEEE 802.11 ad/ay. However, the channelization for B52.6G can be quite different with the technology defined by IEEE. It is not necessary to define the exact same channel bandwidth with 2160MHz.
It is proposed to support 2000MHz maximum channel bandwidth for 960kHz.
Based on our analysis above, the following table on the minimum and maximum channel bandwidths are proposed for the frequency range from 52.6GHz to 71GHz.
Table 3 Our proposal for the minimum and maximum channel bandwidths for each SCS
	Subcarrier spacing [kHz]
	Minimum bandwidths [MHz] 
	Maximum bandwidths [MHz] 

	120
	400 
	400 

	480
	400
	1600

	960
	400
	2000



Conclusion
This contribution discusses the minimum and maximum channel bandwidths for the frequency range from 52.6GHz to 71 GHz. Our proposal on the minimum and maximum channel bandwidths for each SCS are summarized as the following table:
Table 3 Our proposal for the minimum and maximum channel bandwidths for each SCS
	Subcarrier spacing [kHz]
	Minimum bandwidths [MHz] 
	Maximum bandwidths [MHz] 

	120
	400 
	400 

	480
	400
	1600

	960
	400
	2000
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