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0	Introduction
[bookmark: _Hlk61608935]This paper continues to discuss open issues on system parameters in 60 GHz.
1	Discussion
1.1	Intermediate Channel bandwidths
In RAN4#98-bis-e and RAN4#99-e, minimum and maximum channel bandwidths were agreed for all SCS. The remaining issue is intermediate channel bandwidths between the min and max CBW. We think integer multiples of min CBW up to the max CBW are good starting point. We also think we need to consider implementation efficiency along with FFT size and sampling frequency. Table 1-1 shows relative bandwidth from FFT size and sampling frequency to indicate implementation efficiency.

	SCS [kHz]
	Channel BW [MHz] 
	FFT Size
	Fs [MHz] 
	Relative BW [%]

	120

	100 
	1024
	122.88
	81.4

	
	200
	2048
	245.76
	81.4

	
	400
	4096
	491.52
	81.4

	480
	400
	1024
	491.52
	81.4

	
	800
	2048
	983.04
	81.4

	
	1200
	4096
	1966.08
	61.0

	
	1600
	4096
	1966.08
	81.4

	960
	400
	512
	491.52
	81.4

	
	800
	1024
	983.04
	81.4

	
	1200
	2048
	1966.08
	61.0

	
	1600
	2048
	1966.08
	81.4

	
	2000
	4096
	2012.16
	99.4


Table 1.1-1. Relative bandwidths from each channel bandwidth

From table 1-1, relative BWs of 1200 MHz CBW with 480 kHz and 960 kHz SCS are particularly low, i.e., 61 % (indicated in red with yellow highlight), compared to other CBWs, i.e., > 81.4 %. This means that 1200 MHz CBW support as a single carrier is inefficient implementation considering CBW, FFT size, and sampling frequency. This implementation inefficiency leads unnecessary higher power consumption for UE. We think it is reasonable 1200 MHz CBW for 480 and 960 kHz SCS can be optional and can be supported as carrier aggregation, i.e., 400+800 MHzor 400+400+400 MHz, if necessary.
Considering all the aspects above, table 1-2 summarizes our proposal where 1200 MHz CBW for 480/960 kHz are shown in square bracket to indicate optional channel bandwidth.

	Subcarrier spacing [kHz]
	Minimum bandwidths [MHz] 
	Intermediate CBWs between min. and max. CBW
	Maximum bandwidths [MHz] 

	120
	100 
	200
	400 

	480
	400
	800, [1200]
	1600

	960
	400
	800, [1200,] 1600
	2000


Table 1.1-2. Summary of intermediate channel bandwidths between minimum and maximum channel bandwidths
Observation 1.1-1: Relative bandwidths of 1200 MHz for 480 and 960 kHz SCS are significantly low, i.e., 61 %, compared to other channel bandwidths, i.e., > 81 %.

Observation 1.1-2: From UE implementation perspective, it is strongly preferrable to support 1200 MHz CBW as a carrier aggregation rather than a single carrier channel bandwidth.

Proposal 1.1-1: Channel bandwidths between minimum and maximum CBWs are integer multiples of each minimum channel bandwidth for each subcarrier spacing, except 1200 MHz for both 480 and 960 kHz SCS. Table 1-2 summarizes the proposal.


1.2	Spectrum utilization
In the last meeting, three options were mainly discussed: Option 1) Having separate max SU target between 120 kHz (95%) and 480/960 kHz SCS (85 – 95 %); Option 2) Having the same max SU target across all SCS (85 – 95 %).
In our view, different SU target for different SCS; Option 3) Postpone the discussion until sufficient RF discussion.

We think it would make sense to keep the same max SU across all SCS which were the cases for FR1 and FR2. We do not see any reason or benefit to differentiate spectrum utilization across SCS for the same frequency range. Regardless of specific target max SU, we think max SU should be the same across all supported SCS. 

Proposal 1.2-1: RAN4 agrees on a general principle of the same max SU for all supported SCS.


1.3	Carrier aggregation 
In order to utilize broad spectrum, carrier aggregation operation is unavoidable. Given the limited number of channel bandwidths are supported, we think combination complexity is not a concern and normal CA operation is preferred to provide combination flexibility rather than a specific combination rule, i.e., n x 400 MHz.

Proposal 1.3-1: Intra-band contiguous CA is supported with normal CA operation.


1.4	Channelization
Channelization has been discussed for a couple of meeting without much progress. One of main issues is whether 60 GHz NR channelization is to be aligned with IEEE 802.11ad/ay channels. The other issue is whether 3GPP specifies different channelization for licensed and unlicensed bands. In this part, we evaluate two main proposals from the previous discussions and a compromised proposal to balance two main goals, i.e., spectrum utilization and coexistence. Additionally, an efficient FFT operation is another important aspect for UE implementation.

Fixed Channelization without align with IEEE 802.11ad/dy for Maximum Spectrum Utilization
In [1], a fixed channelization scheme was proposed for 60 GHz NR. Unlike 5 GHz unlicensed spectrum where center frequencies are required to be within ± 200 kHz from the WiFi center frequencies by ETSI regulation, there is no such requirement in 60 GHz. Figure 1.4-1 illustrates from [1].
While 2000 MHz channels are aligned with IEEE 802.11ad/ay channels, NR channel boundaries do not align with IEEE channels for other smaller channel bandwidths, and this creates coexistence concern. Furthermore, channel centers in this proposal does not lie on the same grid which is quite important aspect to be considered for simple implementation, i.e., a single FFT operation.
 


Figure 1.4-1. NR channelization design based on 100 MHz minimum bandwidth [1]



 
Observation 1.4-1: Channel raster entries are not on the same FFT grid which prevents a single FFT implementation.
Observation 1.4-2: The channelization in [1] provides maximum spectrum utilization.
Observation 1.4-3: NR channel boundaries are not aligned with IEEE 802.11ad/ay channels which causes coexistence issues.


Channelization for Better Coexistence 
There was other proposal where NR channelization are aligned with IEEE 802.11ad/ay to achieve better coexistence [2]. The proposal provided high level idea how to align with IEEE channels and Figure 1.4-2 illustrates the idea where all NR channels are nested in IEEE 802.11ad/ay channels so that NR channels are aligned with 802.11ad/ay channels. Also all channel centers are to be on 960 kHz grid so that an efficient FFT implementation can be achieved, i.e., a single FFT operation. Note that unused spectrum can be further allocated for channels of smaller channel bandwidths to maximal spectrum usage.
 


Figure 1.4-2 NR channelization design centered around IEEE 802.11ad/ay 


Compared to the first proposal (a fixed channelization without align with IEEE 802.11ad/ay channels), this design provides better coexistence as NR channels are aligned with IEEE 802.11ad/ay channels. However, it comes with sacrificing spectrum utilization and there is significant unused spectrum across the whole 60 GHz spectrum.

Observation 1.4-4: NR channels are aligned with IEEE 802.11ad/ay channels.
Observation 1.4-5: Channel raster entries are on the same grid, i.e., 960 kHz, and a single FFT implementation is possible.


Compromised Channelization Proposal between maximum spectrum utilization and better coexistence 
[image: ]
Figure 1.4-4. Proposed channelization achieving higher spectrum utilization (Alternative A) and better coexistence (Alternative B)


In channelization, spectrum utilization and coexistence are two key aspects where there is a trade-off. However, the previous two approaches given in [1] and [2] only address each aspect. Instead of packing all NR channels over six IEEE 802.11ad/ay channels proposed in [1], we placed NR channels across three IEEE channels which provide sub-optimum spectrum utilization, yet still better coexistence.
To serve two goals better, spectrum utilization and coexistence, two options were further 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. 

Figure 1.4-4 illustrates the proposal where only first half is shown, which is corresponding to the first three IEEE 802.11ad/ay channels span (e.g. channel 1, channel 2, and channel 3). The second half channelization are the same as the first half but for different IEEE channels (e.g. channel 4, channel 5, and channel 6) which are not shown in the figure. As an example, for 1600 MHz with 480 kHz SCS in the Alternative A, four NR channels are placed over three consecutive IEEE 802.11ad/ay spectrum span for maximum spectrum utilization, while in the Alternative B, three NR channels are placed for better coexistence. All channel entries from the Alternative A and Alternative B are on the same 960 kHz grid so that an efficient implementation, i.e., a single FFT operation, can be possible. Therefore, either Alternative A or Alternative B can be used depending on spectrum situation or preferred mode of operation between sub-optimum spectrum utilization and better coexistence. For this example, the proposed channelization (Alt-A) provides the maximum spectrum utilization like from the fixed channelization without align with IEEE channels. There is another choice (Alt-B) in case better coexistence is required.

To compare how efficiently the spectrum is utilized, number of channels are counted from the fixed channelization without align with IEEE channels and the proposed channelization (both Alternative A and B), and shown in Table 2.4-1 below.

	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 without align with IEEE 802.11ad/ay channels in [1] and the proposed channelization (both Alternative A and B)


From the table, for 100 MHz with 120 kHz SCS, maximum 140 channels can be allocated across 52 GHz – 71 GHz, while the proposed channelization can support 136 channels. The difference is only less than 3% and this delta can be ignored considering quite large number of channels still can be utilized. For 400 MHz with 120 kHz and 480 kHz, maximum 35 channels can be allocated, while the proposed channelization can provide 34 (by Alternative A) or 30 (by Alternative B) channels depending on preferred optimization. To increase spectrum utilization further, we can add smaller BWs such as 100 MHz and 200 MHz outside the 802.11ad/ay channels that are underutilized but available from regulation perspective. Again, Alternative A provides sub-optimum number of channels and Alternative B provides better coexistence. In case better spectrum utilization is preferred, Alternative A can be used. Otherwise, Alternative B can be used for better coexistence. There is only one channel difference between maximum number of channels and the proposed channelization, yet the proposed channelization provides more choices.

Table 1.4-2 summarizes several aspects for different channelization proposals and the proposed channelization provides sub-optimum spectrum utilization yet still better coexistence and single FFT implementation.

	
	Fixed channelization without aligns with IEEE 802.11ad/ay
	Align with IEEE 802.11ad/ay
	Proposed Channelization

	Spectrum Utilization
	[image: ]
	[image: ]​​​​​​​
	[image: ]​​​​

	Coexistence
	[image: ]​​​​​​​
	[image: ]​​​​
	[image: ]​​​​

	Single FFT implementation
	[image: ]​​​​​​​
	[image: ]​​​​
	[image: ]​​​​


Table 1.4-2. Summary of channelization proposals


Observation 1.4-6: The proposed channelization provides flexible choice between spectrum utilization and coexistence.
Observation 1.4-7: The proposed channelization provides sub-optimum spectrum utilization compared to the fixed channelization without align with IEEE 802.11ad/ay channels.
Observation 1.4-8: Smaller BWs such as 100 MHz and 200 MHz can be added outside the 802.11ad/ay channels that are underutilized but available from regulation perspective, which would further increase the amount of spectrum usage.
Observation 1.4-9: Channel raster entries of the proposed channelization are on the same grid, i.e., 960 kHz, and a single FFT operation is possible.


We believe it is important to support a single FFT operation for UE implementation by defining channel raster entries to be on the same grid. Since maximum supported SCS is 960 kHz, it is reasonable to decide channel raster entries based on 960 kHz grid.

Observation 1.4-10: It is important to support a single FFT operation for efficient UE implantation.
Proposal 1.4-1: RAN4 agrees on future channelization discussion is based on the 960 kHz grid.


2	Conclusions
This paper made the following observations and proposals:
Intermediate Channel bandwidths
Observation 1.1-1: Relative bandwidths of 1200 MHz for 480 and 960 kHz SCS are significantly low, i.e., 61 %, compared to other channel bandwidths, i.e., > 81 %.
Observation 1.1-2: From UE implementation perspective, it is strongly preferrable to support 1200 MHz CBW as a carrier aggregation rather than a single carrier channel bandwidth.
Proposal 1.1-1: Channel bandwidths between minimum and maximum CBWs are integer multiples of each minimum channel bandwidth for each subcarrier spacing, except 1200 MHz for both 480 and 960 kHz SCS. Table 1-2 summarizes the proposal.


Spectrum Utilization
	Proposal 1.2-1: RAN4 agrees on a general principle of the same max SU for all supported SCS.


Carrier Aggregation
Proposal 1.3-1: Intra-band contiguous CA is supported with normal CA operation.


Channelization
Fixed Channelization without align with IEEE 802.11ad/ay 
Observation 1.4-1: Channel raster entries are not on the same FFT grid which prevents a single FFT implementation.
Observation 1.4-2: The channelization in [1] provides maximum spectrum utilization.
Observation 1.4-3: NR channel boundaries are not aligned with IEEE 802.11ad/ay channels which causes coexistence issues.

Channelization for Better Coexistence 
	Observation 1.4-4: NR channels are aligned with IEEE 802.11ad/ay channels.
Observation 1.4-5: Channel raster entries are on the same grid, i.e., 960 kHz, and a single FFT implementation is possible.

Compromised Channelization Proposal
Observation 1.4-6: The proposed channelization provides flexible choice between spectrum utilization and coexistence.
Observation 1.4-7: The proposed channelization provides sub-optimum spectrum utilization compared to the fixed channelization without align with IEEE 802.11ad/ay channels.
Observation 1.4-8: Smaller BWs such as 100 MHz and 200 MHz can be added outside the 802.11ad/ay channels that are underutilized but available from regulation perspective, which would further increase the amount of spectrum usage.
Observation 1.4-9: Channel raster entries of the proposed channelization are on the same grid, i.e., 960 kHz, and a single FFT operation is possible.
	Observation 1.4-10: It is important to support a single FFT operation for efficient UE implantation.
Proposal 1.4-1: RAN4 agrees on future channelization discussion is based on the 960 kHz grid.

3	References
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