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1. Introduction
RAN1 LS [1] was sent to RAN4 to seek feedback on CBW and channelization. This contribution provides our analysis and the draft LS.
2. Discussion
2.1 Maximum CBW and RB number
RAN1’s agreement on the maximum channel bandwidth for NR operation in 52.6 GHz to 71 GHz is as following.
· 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
For the agreement on the maximum CBW of 120 KHz and 480 KHz, it’s the same as the common understanding in last RAN4 meeting. The only open issue is the RB number for the maximum CBW. Spectrum utilization needs to be studied to see the minimum guard band.
The spectrum utilization (SU) is related to the TRx performance and the implementation complexity. SU was discussed very extensively in R15, 95% was agreed as the SU for 400MHz with 120 KHz SCS. Based on the discussion, digital domain processing performance and implementation complexity are the main factors to be analyzed. For 52.6-71GHz, as the maximum FFT size for 52.6~71 GHz is same as current FR2, the digital filter or windowing implementation complexity and performance can be the same or similar with R15 analysis if the Fs is normalized to unity except that 480 KHz SCS symbol duration is 1/4 of 120 kHz and the time for each processing is decreased to 1/4 accordingly. 4096 FFT size is the agreement in RAN1, the processing time increase due to large SCS is not taken into account in factors of the implementation complexity in this contribution. Therefore, 264 RB can be reused as maximum RB number for 400 MHz/120 kHz and 1600 MHz/480 kHz.
Proposal 1: 264 RB is defined as the maximum RB number for 400 MHz/120 kHz and 1600 MHz/480 kHz.
For the maximum CBW of 960 KHz, it’s a little complicated. There’re two choices in RAN1, 2 GHz and 2.16GHz. Another two choices, 1.6 GHz and 3.2 GHz, were also on the table in last RAN4 meeting. Tc issue was raised in both RAN1 and RAN4. It may be better to analyze the Tc issue first, then to discuss how to support the different CBW and the pros, cons of each choices.
Some implementation background needs to be provided understand the issue well. The following processing is a typical digital process from baseband OFDM symbols to analog signals. 
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Figure 1: Typical digital process from BB digital signal to analog signal
Based on Nyquist sampling theorem, the maximum BW for the processing of the Filter in figure 1 is Fs, and the Nyquist zone of the interpolation filters both inside and outside DAC are Fs/2. So when spectrum utilization is studied, the feasibility should also take Fs into account to study the filter performance and complexity.
Observation 1: When spectrum utilization is studied, the feasibility should also take Fs into account to study the filter performance and complexity.


When SCS is 480KHz and FFT size is 4096, Fs is equal to current Tc defined in the specs, i.e.  where  Hz and  . Tc is 1966.08 MHz and the maximum BW for the processing of the Filter in figure 1 is 1966.08 MHz. The Nyquist zone of the interpolation filters both inside outside DAC are Fs/2=983.04 MHz. When 960 KHz SCS and 2048 FFT sise are used as the assumption, Fs is the same as the above case. When 960 KHz SCS and 4096 FFT sise are used as the assumption, Fs is doubled to 3932.16 MHz. 
In order to support the RAN1 CBW choices for 960 KHz SCS, there’re two different views on Tc change. They’re analysed in detail in as follows.
· Tc doesn’t need to be changed
First is that Tc may not need to be changed. That proposal brings a new case that CBW is larger than BB Fs, which was not studied in NR and LTE. However, assuming the RB number in Fs can be used as large as possible and the emission requirement in the area near the pass band is not a problem, the filter right after the BB signal in Figure 1 may not be needed. The interpolation filter can be considered as the dominate contribution to the feasibility study. Assume the ACLR requirement is ~16 dB, then the attenuation of the image for the interpolation filter needs to be ~26 dB. A 2 times interpolation filter design is shown as following Figure. The RB number for 960 KHz SCS is 166 and filter taps is 123, which may be acceptable.
[image: ]
Figure 2: 2 times interpolation filter for 960 KHz and 166 RB number
If the RB number is increase to 167, the filter taps is 157, which may be too large from our understanding. Taking 166 RB as the maximum RB number, the TBW is 1912.32 MHz which is already larger than the 802.11ad 1830.5 MHz. 
With the above analysis, if the target is to achieve the same occupied BW with 802.11 ad, 1966.08 MHz can be BB side sampling rate, which means Tc can be kept unchanged. There’s one side output of the above analysis that 480 KHz SCS can also support TBW 1912.32 MHz with 332 RB used. 332 is larger than RAN1 assumption of 275 RB. However, in our understanding, the assumption of 275 RB considered R15 discussion that 275 is near the CBW RB number. For example, 400MHz CBW is 277 RB. For the CBW is larger than 277 RB, 275 RB assumption is not valid anymore. More RB usage may be considered, but it may needs RAN1 discussion to see if RAN1 can accept this.
Observation 2: 275 RB maximum size in RAN1 is not valid when CBW RB number is much larger than 275.
If 480 kHz SCS is also considered to support the same TBW as 802.11 ad, there comes another choice that CA can also achieve this. 480 KHz CA 1600 MHz + 400 MHz, the total TBW is 1900.8 MHz, which is still larger than 1830.5 MHz.
Then three choices comes out,
Observation 3: Without Tc change, the following three configurations can support larger TBW than 802.11 ad and they’re feasible from implementation point of view.
a) 960 KHz SCS/166 RB with 1912.32 MHz TBW
b) 480 KHz SCS/332 RB with 1912.32 MHz TBW
c) 480 KHz CA: 1600 MHz + 400 MHz
For the three choices, choice C is most straight forward. It brings the benefit that R15 design structure can be reused as most as possible. Both the choices a) and b) need new design structure, although they’re feasible. There’s not much benefit for choice b compared with choice c except that it’s one carrier not CA. regarding choice a, it seems no benefit compared with b and c from RF implementation point of view. For the CBW consideration, as the Tc (Fs) is smaller than 2GHz, both 2GHz and 2.16 GHz can be supported. From spectrum point of view, 2GHz is better. Table 1 summarized the different implementations to support 2GHz CBW.
Table 1: Different implementations to support 2 GHz CBW
	
	Pros.
	Cons.

	a) 960 KHz SCS/166 RB
	Single carrier
	No benefit from RF implementation point of view compared with b.

	d) 480 KHz SCS/332 RB
	Single carrier
	RB number is new compared with R15.

	e) 480 KHz CA: 1600 MHz + 400 MHz
	Current design structure can be reused as much as possible.
The design can be upgraded from single carrier.
	CA



Observation 4: 960 KHz SCS/166 RB and 480 KHz SCS/332 RB single carrier can support 2 GHz CBW from implementation point of view.
Observation 5: If Tc is not changed, the solution of 480 KHz SCS and CA to support similar TBW as 802.11 ad brings more benefit than single carrier solutions.
· Tc needs to be changed
Regarding the other proposal of increasing Tc, it seems not very worthwhile to be analysed further because no change of Tc can support the target of 802.11 ad TBW. However, some simple aspects can be analysed to see if there’s any benefit to support 960 KHz SCS/4096 FFT size. 960 KHz SCS and 4096 FFT size lead to Fs to be 3932.16 MHz which is much higher than 802.11 ad 2640 MHz. Such high sampling rate brings challenge to the chipset and the hardware design. If Fs is increased to that large, CBW can be supported larger such as 3.2 GHz and the TBW can be 3.04 GHz if current NR approach is used. Otherwise, the extra implementation efforts may not be valuable especially for the scenario of 1830.5 MHz TBW support.
Observation 6: The solution of 960 KHz SCS/4096 FFT size to support 1830.5 MHz TBW is not valuable from implementation point of view.
From the above analysis, we propose not to change Tc and send LS to RAN1 about the possible implementations.
Proposal 2: RAN4 agrees not to change Tc and send LS to RAN1 about the possible implementations.
From the above analysis, the maximum CBW for both licensed and unlicensed spectrum can be 2GHz. 
Proposal 3: 2 GHz is agreed as the maximum CBW for both licensed and unlicensed spectrum.
For unlicensed spectrum, in order to co-exit with 802.11 ad, 480 KHz SCS CA and 1600 MHz can also be allowed in the channels because there’s no problem for OCB regulation.
Proposal 4: 480 KHz SCS single carrier 1600 MHz and CA: 1600 MHz + 400 MHz are allowed to be used in unlicensed spectrum.
2.2 Minimum CBW
For the minimum CBW consideration, separate solutions should be considered. 
· For the unlicensed bands, two SCS can be considered. For 480 KHz SCS, 1600 MHz and 2GHz (CA with 1600MHz+400MHz) should be allowed. For 960 KHz, 1600 MHz also can be allowed, but may not be very valuable considering 480KHz can also support 1600MHz if there’s no benefit. Then for 960 KHz, 2GHz (or 2.16 GHz) can be allowed. We have the following proposal for unlicensed bands,
Proposal 5: For unlicensed bands, the following minimum CBW is considered.
· for 480 kHz SCS
· Other option: 1600 MHz
· for 960 kHz SCS
· Other option: 2000 MHz
· For licensed bands, we still think allowing smaller BW can bring benefit for future spectrum usage when the usage of the licensed spectrum may be several years later. Therefore, we prefer the smallest options in RAN1 LS as following. For 120 KHz SCS, keeping 50 MHz may also have the benefit of flexibility.
Proposal 6: For licensed bands, the following minimum CBW is considered.
· for 120 kHz SCS
· Option 1-1: 100 MHz
· Other option: 50 MHz
· for 480 kHz SCS
· Option 2-1: 200 MHz
· for 960 kHz SCS
· Option 3-1: 400 MHz
2.3 Channelization
2.3.1 General
Current FR2 channel raster and NR-ARFCN already include the frequency range from 24.25MHz to 100 GHz as following,
FREF = FREF-Offs + ΔFGlobal (NREF – NREF-Offs)
Table 5.4.2.1-1: NR-ARFCN parameters for the global frequency raster
	Frequency range (MHz)
	ΔFGlobal (kHz)
	FREF-Offs [MHz]
	NREF-Offs
	Range of NREF

	24250 – 100000
	60
	24250.08
	2016667
	2016667 – 3279165


The current data SCS candidates are 120, 480 and 960, which are the multiples of ΔFGlobal, so general equation is not need to be changed. The study should be done for the final entries for the bands defined in future.
Proposal 7: Current FR2 NR-ARFCN and global channel raster can be reused for 52.6-71 GHz.
2.3.2 Entries for unlicensed bands
For unlicensed bands, the entries depend on the BW used. The possible BWs are 1.6 GHz, 2GHz and 2.16 GHz. Although we don’t prefer 2.16 GHz, it can be considered before the agreement. For the 2.16GHz BW, there’s only one choice to align with the 802.11 ad channel. For 1.6 and 2 GHz CBW, there can be several entries in each 2.16 GHz channel. We have the following proposal,
Proposal 8: The channel raster’s entries for the unlicensed bands are defined that CBW be within each 802.11ad channel; several entries can be defined for 1.6 GHz and 2 GHz CBW in each channel. 
2.4.2 Entries for licensed bands
For licensed bands, the entries can be defined similar with current FR2 bands with correct step size. The detail discussion can begin when frequency range for licensed bands, 66-71 GHz or other range, are agreed.
Proposal 9: The channel raster entries for licensed bands can be defined using current FR2 approach with correct step size when the frequency range is agreed in RAN4.
2.4 Sync raster
2.4.1 General
Current FR2 sync raster and numbering are designed as following,
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


It may be possible and easy to reuse current GSCN with the right step size. Currently, there’re many possible combinations of data SCS and SS SCS in RAN1 under discussion. According to the sync raster design principle, 
ΔFSS,Raster ≤ BWRB,carrier – BWPBCH + ΔFCH,Raster

Some preliminary analysis can be conducted as the following table.

Table 2: SS raster calculation for above 52.6 GHz
	Min BW [MHz]
	Data SCS (kHz)
	SS SCS (kHz)
	SSB BW (20 RB size) (MHz)
	N_RB for min BW
	TBW (MHz)
	Max SS raster （MHz）
	Candidate SS raster (MHz)

	50
	120
	120
	28.8
	64
	46.08
	17.4
	17.28

	100
	120
	120
	28.8
	64
	92.16
	63.48
	51.84

	100
	120
	240
	57.6
	64
	92.16
	34.68
	34.56

	200
	480
	120
	28.8
	32
	184.32
	156
	155.52

	200
	480
	480
	115.2
	32
	184.32
	69.6
	69.12

	400
	960
	120
	28.8
	32
	368.64
	340.8
	328.32

	400
	960
	960
	230.4
	32
	368.64
	139.2
	138.24



From the above calculation, current FR2 SS raster can be down selected to support all of the RAN1 candidate solutions.
Observation 7: Current FR2 SS raster can be down selected to support all of the RAN1 candidate solutions.
Comparing the different SS SCS, smaller SCS can have larger SS raster thus fewer entries for the initial channel access. Then if the system performance is allowed, smaller SS SCS brings benefit from implementation point of view.
Observation 8: Smaller SS SCS has fewer SS raster entries compared with larger SS SCS, thus brings benefit for the initial channel access time.
2.4.2 Unlicensed bands
For unlicensed spectrum, SS entries can only exist in limited positions because the supported BW is limited. The exact entries can be defined when the CBW is agreed. It may be good that unlicensed bands SS raster is aligned with licensed bands to decrease the implementation complexity.
Proposal 10: SS raster entries for unlicensed bands are defined in the limited number to support the limited BW and the entries positions align with the positions of licensed bands.
2.4.3 Licensed bands
For licensed bands, according to the calculation in Table 2, current GSCN can be down selected with corresponding step size to support the final conclusion of BW, SS raster, frequency range.
Proposal 11: The SS raster entries for licensed bands can be defined using current FR2 approach with correct step size when the frequency range is agreed in RAN4.
3. Conclusion
This contribution provides our analysis for the CBW, channelization, sync raster and have the following observations and proposals.
For maximum CBW and RB number,
Proposal 1: 264 RB is defined as the maximum RB number for 400 MHz/120 kHz and 1600 MHz/480 kHz.
Observation 1: When spectrum utilization is studied, the feasibility should also take Fs into account to study the filter performance and complexity.
Observation 2: 275 RB maximum size in RAN1 is not valid when CBW RB number is much larger than 275.
Observation 3: Without Tc change, the following three configurations can support larger TBW than 802.11 ad and they’re feasible from implementation point of view.
a) 960 KHz SCS/166 RB with 1912.32 MHz TBW
b) 480 KHz SCS/332 RB with 1912.32 MHz TBW
c) 480 KHz CA: 1600 MHz + 400 MHz
Observation 4: 960 KHz SCS/166 RB and 480 KHz SCS/332 RB single carrier can support 2 GHz CBW from implementation point of view.
Observation 5: If Tc is not changed, the solution of 480 KHz SCS and CA to support similar TBW as 802.11 ad brings more benefit than single carrier solutions.
Observation 6: The solution of 960 KHz SCS/4096 FFT size to support 1830.5 MHz TBW is not valuable from implementation point of view.
Proposal 2: RAN4 agrees not to change Tc and send LS to RAN1 about the possible implementations.
Proposal 3: 2 GHz is agreed as the maximum CBW for both licensed and unlicensed spectrum.
Proposal 4: 480 KHz SCS single carrier 1600 MHz and CA: 1600 MHz + 400 MHz are allowed to be used in unlicensed spectrum.

For Minimum CBW,
Proposal 5: For unlicensed bands, the following minimum CBW is considered.
· for 480 kHz SCS
· Other option: 1600 MHz
· for 960 kHz SCS
· Other option: 2000 MHz
Proposal 6: For licensed bands, the following minimum CBW is considered.
· for 120 kHz SCS
· Option 1-1: 100 MHz
· Other option: 50 MHz
· for 480 kHz SCS
· Option 2-1: 200 MHz
· for 960 kHz SCS
· Option 3-1: 400 MHz

For channelization,
Proposal 7: Current FR2 NR-ARFCN and global channel raster can be reused for 52.6-71 GHz.
Proposal 8: The channel raster’s entries for the unlicensed bands are defined that CBW be within each 802.11ad channel; several entries can be defined for 1.6 GHz and 2 GHz CBW in each channel. 
Proposal 9: The channel raster entries for licensed bands can be defined using current FR2 approach with correct step size when the frequency range is agreed in RAN4.

For sync raster,
Observation 7: Current FR2 SS raster can be down selected to support all of the RAN1 candidate solutions.
Observation 8: Smaller SS SCS has fewer SS raster entries compared with larger SS SCS, thus brings benefit for the initial channel access time.
Proposal 10: SS raster entries for unlicensed bands are defined in the limited number to support the limited BW and the entries positions align with the positions of licensed bands.
Proposal 11: The SS raster entries for licensed bands can be defined using current FR2 approach with correct step size when the frequency range is agreed in RAN4.
Reference
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Draft LS content
RAN4 discussed the maximum/minimum channel bandwidth and channelization for NR operation in 52.6 to 71 GHz. The followings are RAN4 understandings for each aspect.
For the maximum channel bandwidth, RAN4 understanding is that 2GHz can be maximum bandwidth for both licensed and unlicensed bands. And 2 GHz BW can be achieved by 960 KHz SCS/166 RB, 480 KHz SCS/332 RB and 480 KHz CA: 1600 MHz + 400 MHz without Tc change. 1.6 GHz single carrier CBW and 1600MHz + 400 MHz should be allowed in unlicensed spectrum. For 960 KHz SCS and 4096 FFT sized with Tc doubled to support 2GHz or 2.16 GHz BW, RAN4 understanding is that it’s not a good solution from implementation point of view and doesn’t have the plan to support that configuration.
For the RB number of 400 MHz/120 kHz and 1600 MHz/480 kHz, RAN4 thinks 264 RB can be reused.
For the minimum CBW, the followings are the choice from RAN4 understanding,
For unlicensed bands, the following minimum CBW is considered.
· for 480 kHz SCS
· Other option: 1600 MHz
· for 960 kHz SCS
· Other option: 2000 MHz
For licensed bands, the following minimum CBW is considered.
· for 120 kHz SCS
· Option 1-1: 100 MHz
· Other option: 50 MHz
· for 480 kHz SCS
· Option 2-1: 200 MHz
· for 960 kHz SCS
· Option 3-1: 400 MHz
For the channelization, RAN4 understanding is that channel raster can be SCS based and they can be defined separately for licensed and unlicensed bands. For unlicensed bands, channel raster entries can be defined to let the channel BW be within the 802.11 ad channel and it’ll be better to align with the rasters for licensed spectrum. For licensed spectrum, current FR2 approach can be reused that the NR-ARFCN can be defined with corresponding step size.
For sync raster, RAN4 understanding is that FR2 GSCN can be reused. The SS raster entries for unlicensed bands will be defined in the limited number to support the limited BW and the entries positions align with the positions of licensed bands. The SS raster entries for licensed bands will be defined using current FR2 approach with correct step size when the frequency range is agreed in RAN4.
Page 1
oleObject1.bin

image2.wmf
4096

f

=

N


oleObject2.bin

image3.png
Frequency: 0.96024

Magnitude: -0.1954189

Frequency (GHz)

Magnitude Response (dB)

0
[0 ST
/7)) S

(gp) spnyubepy




image1.wmf
(

)

f

max

c

1

N

f

T

×

D

=


