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1. Introduction
In the last RAN4 meeting, CBW, channelization and SU were discussed. There was no agreement on the maximum CBW for 960 kHz, channelization and SU. This contribution provides our further analysis for those issues.
2. Discussion
2.1 Maximum RB number for 400 MHz/120 kHz and 1600 MHz/480 kHz
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 that discussion, digital domain processing performance and implementation complexity are the main factors to be analyzed. For 480kHz SCS, as the maximum FFT size for 52.6~71 GHz is the 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 thus 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 be 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.
2.2 Maximum CBW and SU for 960 kHz SCS
In the last RAN4 meeting, there’s no agreement on the maximum CBW for 2000MHz or 2160MHz. The technical factors for the two candidates are implementation complexity and co-existence with 802.11 ad/ay. The two candidates can be analyzed according to the two factors.
2.2.1 2000MHz CBW


Implementation complexity analysis for 2000MHz CBW is based on the baseband sampling rate Fs up to 960KHz SCS/2048 FFT size. That leads to Fs is equal to current Tc 1966.08 MHz, i.e.  where  Hz and  . Although Tc is smaller than 2000MHz, supporting the TBW of 802.11ad is sufficient. The TBW of 802.11ad is 1830.5 MHz which can be covered by 1966.08 MHz according to the Nyquist sampling theorem.
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. 
Assume the Fs is 1966.08 MHz then the maximum BW for the processing of the first 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. As Fs is smaller than 2000MHz CBW, the implementation complexity should be considered according to Fs not CBW. Assume 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 RF 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 for the interpolation DAC.
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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 a little large. Taking 166 RB as the maximum RB number, the TBW of 2000 MHz CBW is 1912.32 MHz which is already 80 MHz larger than the 802.11ad TBW 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. The implementation complexity can be kept in a reasonable level with the following observations.
Observation 1: Current Tc, i.e. 1966.08 MHz can be the baseband sampling rate for 2000MHz CBW. 
Observation 2: 166 RB can be considered as the maximum RB number for 2000MHz CBW.
Observation 3: The TBW of 2000 MHz CBW can achieve 1912.32 MHz which is 80 MHz larger than the 802.11ad TBW 1830.5 MHz.
The co-existence with IEEE channels is another issue needs to be analysed. In order to co-existence with IEEE channels, LBT is the important aspect. The above analysis shows that the TBW of 2000 MHz CBW can achieve 1912.32 MHz which is 80 MHz larger than the 802.11ad 1830.5 MHz. Then there’s no problem for 2000 MHz CBW to co-exist with IEEE channels if LBT is needed.
Observation 4: There’s no problem for 2000 MHz CBW to co-exist with IEEE channels if LBT is needed.
There’s another benefit of 2000MHz that the large single carrier CBW can also be implemented by CA, such as 5*400MHz, 2*800MHz+400MHz and 1600MHz+400MHz. That brings flexibility to the implementation.
Observation 5: 2000MHz CBW can be implemented by CA which brings flexibility to the implementation.
2.2.2 2160MHz CBW
2160MHz is the 802.11ad channel’s BW, it seems straightforward to use this BW as the maximum CBW for unlicensed bands from co-existence aspect. However, the implementation solution can be looked in deep to see if it’s a good candidate. 2160 MHz is not multiples of 100 MHz, it’s not easy to find a good implementation solution according to current SCS/FFT sized. There can be two ways to implement 2160 MHz CBW.
First is that the implementation for 2000 MHz is reused for 2160 MHz CBW, there’s no problem for co-existence issue according to the above analysis.
Observation 1: One implementation solution for 2160 MHz CBW is to reuse 2000 MHz CBW implementation.
The implementation solution for 2000MHz in 2.2.1 uses the baseband sampling rate of 1966.08 MHz, and the maximum RB number is restricted by the baseband Fs not the CBW 2000 MHz.
[bookmark: _GoBack]The other implementation solution is that more RB is intended to be used but the sampling rate needs to be doubled to 3932.16 MHz which is 960 KHz * 4096. The spectrum utilization analysis for this case is similar with the analysis in 2.2.1. The baseband filter in Figure 1 is needed and the Fs is doubled. Because the 2160 CBW is much smaller than the Fs 3932.16 MHz, the maximum RB number is restricted by the CBW. Assume 95% SU, which may not be easy, can be achieved; the maximum RB number for 2160 MHz is 178 RB. Comparing with 166 RB for 2000 MHz, the extra RB number is only 12. However, the extra efforts are too much. The implementation sacrifice is not only the baseband sampling rate which brings the higher operating rate, higher power consumption, higher sampling rate of ADC/DAC, etc, but also the date rate of the interface between baseband and RF module is doubled which brings much more challenge for the module throughput and the signal integrity design. So the extra 12 RB is not worthwhile to be implemented by increasing baseband sampling rate.
Observation 5: 178 RB number may be achieved for 2160 MHz when the baseband sampling rated is increased to 3932.16 MHz.
Observation 6: Increasing baseband sampling rate to support extra 12 RBs for 2160 CBW is not worthwhile from implementation point of view.
2.2.3 Proposal
According to the analysis in 2.2.1 and 2.2.2, 2000 MHz CBW can support the co-existence of IEEE channels and can be implemented using baseband sampling rate of Tc. So 2000 MHz CBW can be used in both licensed bands and unlicensed bands. For 2160 MHz CBW, one of the implementation is to reuse 2000 MHz CBW implementation. It’s not necessary to define 2160 MHz CBW when that implementation solution is used. If LBT is needed, carefully design channel entries can guarantee the co-existence with IEEE channels. The other implementation of 2160 MHz CBW is to double the base band sampling rate. That solution has much sacrifice but with only extra 12 RB benefit. It should be discarded from implementation point of view. Therefore, we propose,
Proposal 2: 2000 MHz is defined as the maximum CBW for both licensed and unlicensed bands. 166 RB is the maximum RB number for 960 KHz SCS/2000 MHz CBW.
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 1: Current FR2 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. For unlicensed bands, there could be a question that if the IEEE channels’ center can be covered by the NR-ARFCN. The followings are the 802.11ad channel centers and the corresponding Nref:
Table 2: 802.11ad channel centers and the corresponding NREF
	FREF(MHz)
	58320
	60480
	62640
	64800
	66960
	69120

	NREF
	2584499
	2620499
	2656499
	2692499
	2728499
	2764499


It can be seen that the 802.11ad channel centers can be covered by the current FR2 NREF. As the granularity of NREF is 60 kHz, even the 802.11 ad channel centers can’t be exactly aligned with NREF, there’s no problem to shift tens of kHz for the 2.16GHz channel width. Therefore current FR2 NR-ARFCN and global channel raster can be reused by 52.6-71 GHz.
Proposal 3: Current FR2 NR-ARFCN and global channel raster are reused by 52.6-71 GHz.
The study can be done for the final entries for the licensed and unlicensed bands.
2.3.2 Channel raster entries for unlicensed band and licensed band
Unlicensed band may have some restrictions, its channel raster can be analysed first. The analysis is done according to the two cases of if LBT is mandatory. And for unlicensed bands, both of the two candidate maximum CBW 2GHz and 2.16GHz are analysed although we don’t support 2.16GHz.
2.3.2.1 Channel raster entries when LBT is mandatory
When LBT is mandatory, the carrier should be aligned with IEEE channels for unlicensed band.
· The analysis for 2160 MHz CBW
For 2160 MHz CBW, it’s simple that the NREF is exactly aligned with the 802.11 ad channels’ centers as shown in Table 3 which is the same as Table 2. 
Table 3: NREF for unlicensed bands and 2160 MHz CBW (LBT is mandatory)
	FREF(MHz)
	58320
	60480
	62640
	64800
	66960
	69120

	NREF
	2584499
	2620499
	2656499
	2692499
	2728499
	2764499


As 2160MHz is integer multiple of 120kHz, 480kHz and 960kHz, then entries can be covered by the range of NREF in Table 2. But if Table 3 is used, harmonization with licensed bands is not possible. Channelization harmonization can’t be done for licensed and unlicensed bands because 2160MHz CBW can’t align with licensed band CBW which is multiples of 100MHz. So from channelization point of view, 2160 MHz CBW is not a good candidate.
Observation: It’s not possible for 2160 MHz CBW to harmonize with the channelization of licensed bands.
· The analysis for 2000 MHz CBW
For 2000MHz CBW, there could be two options to design the channelization for 2000MHz. First is that NREF is designed exactly the same as Table 3. That design can be used but there’s problem of harmonization to licensed bands. The other option is that the carrier is put in the range of the IEEE channels but the center is not exactly the same as Table 3. The carrier positions can be many places in each channel. For the 2.16 GHz channel BW and 2GHz CBW, there’re extra 160 MHz which can have 166 channel entries for 960 kHz SCS.  The candidates for the unlicensed channels can be found in Table 4. 
Table 4: Candidates for the channel raster entries for 2000MHz CBW when LBT is needed.
	Channels
	Channel raster entries (ΔFRaster = 960 kHz)

	Channel 1 (57.24-59.4 GHz)
	2583166 - <16> - 2585822

	Channel 2 (59.4-61.56 GHz)
	2619166 - <16> - 2621822

	Channel 3 (61.56-63.72 GHz)
	2655166 - <16> - 2657822

	Channel 4 (63.72-65.88 GHz)
	2691166 - <16> - 2693822

	Channel 5 (65.88-68.04 GHz)
	2727166 - <16> - 2729822

	Channel 6 (68.04-70.20 GHz)
	2763166 - <16> - 2765822

	Note: The beginning of the entries in each channel may be shifted a little according to the maximum RB number.


There’s no seemly benefit for many entries in each channel, so further check with licensed channelization design can be done to see if harmonization can be done.
· 1600 MHz CBW
When LBT is mandatory, 1600 MHz CBW (TBW is 1520.64 MHz) can also work because the OCB is 70% of the nominal channel bandwidth which is 1512 MHz. The candidates of the channel rasters can be calculated using the similar approach of Table 4.
Observation: 1600 MHz CBW can be used when LBT is mandatory for unlicensed band.
2.3.2.2 Channel raster entries when LBT is not needed
If LBT is not needed, the channel raster entries can be designed to the same entries as licensed bands. There can be two approaches to design the channel rasters. First is that SCS based channel raster is used which is the same as current FR2. Then the Table 5 shows the candidates of the NREF design. The agreed minimum CBW is considered in Table 5.
Table 5: NREF design for SCS based channel raster when LBT is not needed
	ΔFRaster
(kHz)
	Uplink and Downlink
Range of NREF for 57-71 GHz
(First – <Step size> – Last)

	120
	2563333 – <2> – 2794999

	480
	2565833 – <4> – 2792497

	960
	2565833 – <8> –2792497


The SCS based channel raster is flexible enough that it can be adapt to any request of the different deployment such as different SCS, CBW and CA. The cons of flexibility is that the sync raster should also adapt to the SCS based channel raster then the cell search entries may be a little large.
There’s another approach that fixed channel positions is designed for 57-71 GHz. The simple way to design the channel positions is that the center frequencies of the CBW (100MHz, 200MHz and 400MHz) are the channel centers. 

[image: ]
Figure 3: Channel raster candidates for fixed channelization solution (unlicensed licensed band, 120 KHz SCS)

It can be seen that the granularity of the fixed channelization for 120 KHz SCS can be 50 MHz, that granularity can also make each CBW being used with 50 MHz granularity which is shown as an example that the center of 400 MHz can also be used as the center of 200MHz CBW. There’re totally 279 channel entries for 57-71 GHz using Figure 3 design.
Following that approach, for 480 KHz SCS the granularity of the channel raster entries is 200MHz and the channel entries are 69 when considering 400 MHz minimum CBW and 1600 MHz maximum CBW, which is shown in Figure 4.
[image: ]
Figure 4: Channel raster candidates for fixed channelization solution (unlicensed and licensed band, 480 KHz/960 kHz SCS)

 If only 69 entries are used, the flexibility to use the spectrum is less flexible that the 400 MHz CBW can’t be used overlapped. If more flexibility is allowed, the granularity can be decreased to 100MHz or even 50 MHz. If 50 MHz granularity is used, then the channel entries for 480 kHz SCS is the same as 120 kHz as shown in Figure 3.
For 960 kHz SCS, if 2000 MHz is the maximum CBW, the extra CBW choice compared with 480 kHz SCS can also be covered by 200 MHz granularity which is the same as 480 kHz. Figure 4 also shows the candidates for 960 kHz SCS when 200 MHz granularity is used. If some flexibility is needed, 100 MHz granularity can also be considered.
The fixed channel entries design in Figure 3 and Figure 4 has benefits that the UE cell search can be relatively quick because the sync raster entries will be decreased at the same time. However, that design has the problem that orthogonality of the carriers can’t be met for CA. Taken carrier aggregation into account, the center frequencies distance for 120 kHz SCS would be 99.96MHz for 200MHz CA BW, 199.92MHz for 400MHz BW, 399.84 MHz for 800MHz BW, 799.68 MHz for 1600 MHz CA BW, 1999.6 MHz for 2000 MHz CA BW etc. In order to allow carrier aggregation, the channel raster entries in Figure 3 and Figure 4 can be increased to include the possible CA frequency centers. The solution can be each channel raster position in Figure 3 and Figure 4 has several shift positions to allow the possible carrier aggregations with other carriers. The shift should allow left side and right side. The number of the shifts depends on what carrier aggregations will be supported. For example, if 200 MHz, 400 MHz, 800 MHz, 1600 MHz, 2000 MHz should be supported for 120 KHz SCS, then the shift number for each channel raster entry in Figure 3 is approximately up to 5*2. The detail shift solutions can be decided after the decision of what carrier aggregations should be supported for each SCS.
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Figure 5: Base channel entries and the shifts to support carrier aggregation
Although the channel raster entries are increased because of the support of the carrier aggregation, the sync raster entries will not be increased because the SSB can still be maintained in the shifted CBW with such small shift. Therefore, the maximum sync raster entries can still be maintained as maximum 279 entries for 120 kHz. The sync raster entries may be kept as the base channel raster entries. That can be discussed when SSB design in RAN1 is completed.
Observation: Sync raster entries can be kept no change with the increase of channelization entries to support CA.
2.3.3 Proposal
With the analysis in 2.3.2, it can be seen channelization for licensed band and unlicensed band can be harmonized. When LBT is not needed for unlicensed bands, the channelization can be designed as fixed positions and the following high level guidelines are proposed.
Proposal 4: The channelization for unlicensed bands when LBT is not needed are designed using the following high level guidelines,
· The channelization is designed as fixed channelization.
· The granularity of the base channelization entries for 120 KHz SCS is 50 MHz. The granularity for 480 kHz SCS and 960 kHz SCS is 200 MHz or 100 MHz.
· Several shifts to the base channelization entries are used to support the possible carrier aggregations. The shifts exist in both left side and right side.
· The number of the shifts depends on the number of carrier aggregation types. Each base entry and the shifts to that base position can be looked as a group of channel raster entries.
· There’s one sync raster entry for each channel raster group. Which channel raster is used as sync raster entry FFS.
For licensed bands, the design principle is the same as unlicensed band when LBT is not needed. So channel raster entries can reuse the part of the unlicensed bands for no LBT with the corresponding frequency range.
Proposal 5: Channel raster for licensed band can reuse the no LBT channelization for unlicensed bands with the corresponding frequency range.
When LBT is necessary and the maximum CBW is 2000 MHz, the channel entries for each channel can also reuse the corresponding channel entries of the no LBT unlicensed bands. There’re 166 candidates in Table 3, part of them are overlapped with the channelization entries for no LBT channelization. The overlap number may not be the same for each channel, because the overlap with 2 GHz granularity is not the same. There’s one issue that if all of the overlap is allowed. It seems there’s some flexibility benefit if all of them is allowed although the benefit may not be much for the unlicensed bands. However, there’re no extra sync raster entries for that flexibility, allowing the extra channel raster may not bring any harm. Therefore, the following is proposed for LBT 2000MHz maximum CBW unlicensed band.
Proposal 6: When LBT is necessary and the maximum CBW is 2000 MHz for unlicensed bands, the channelization entries are designed as the overlap of no LBT channelization and the candidates in Table 3.
2.4 CA support
CA support discussion may not be urgent because single carrier discussion is not finished. However, the channelization analysis in 2.3 shows CA needs to be taken into account for the channelization solution. So there should be some conclusion on which intra-band contiguous carrier aggregation should be supported to further discuss the channelization. The possible carrier numbers can be up to 80 if 100 MHz is the single carrier BW and the CA BW is 8000 MHz. 
There could be two directions for the discussion. First is that the current WI focused the design for single carrier in R17, limited CA can be considered in the channelization design. When there’s new request in future release, more channel raster entries can be added to support the CA in a release independent manner. The second is that the channelization is designed to support all of the possible CA BW. If up to 80*100 MHz carriers and 4*2000 MHz carriers need to be supported, the center frequency can be shifted in the range of 4.8 MHz in each side. 4.8 MHz is less than 4 RB for 120 kHz and less than 1 RB for 480 kHz and 960 kHz. So it seems there’s no problem if SSB is still put on the base channel raster positions in Figure 5 when arbitrary offset between the SSB RB and data RB is still allowed for 52.6-71GHz. There will be no increase for the cell search entries. So the channelization can be designed to support all of the possible intra-band CA.
Proposal 7: The channelization is designed to support all of the possible intra-band CA.
For the exact CA request, if it’s not urgent for the deployment. It may be put in low priority or one carrier aggregation can be an example in R17.
Proposal 8: CA RF requirement discussion can be put in low priority or one carrier aggregation can be an example in R17.
3. Conclusion
This contribution provides our analysis for the CBW, channelization, sync raster and have the following observations and proposals.
Proposal 1: 264 RB is defined as the maximum RB number for 400 MHz/120 kHz and 1600 MHz/480 kHz.
Proposal 2: 2000 MHz is defined as the maximum CBW for both licensed and unlicensed bands. 166 RB is the maximum RB number for 960 KHz SCS/2000 MHz CBW.
Proposal 3: Current FR2 NR-ARFCN and global channel raster are reused by 52.6-71 GHz.
Proposal 4: The channelization for unlicensed bands when LBT is not needed are designed using the following high level guidelines,
· The channelization is designed as fixed channelization.
· The granularity of the base channelization entries for 120 KHz SCS is 50 MHz. The granularity for 480 kHz SCS and 960 kHz SCS is 200 MHz or 100 MHz.
· Several shifts to the base channelization entries are used to support the possible carrier aggregations. The shifts exist in both left side and right side.
· The number of the shifts depends on the number of carrier aggregation types. Each base entry and the shifts to that base position can be looked as a group of channel raster entries.
· There’s one sync raster entry for each channel raster group. Which channel raster is used as sync raster entry FFS.
Proposal 5: Channel raster for licensed band can reuse the no LBT channelization for unlicensed bands with the corresponding frequency range.
Proposal 6: When LBT is necessary and the maximum CBW is 2000 MHz for unlicensed bands, the channelization entries are designed as the overlap of no LBT channelization and the candidates in Table 3.
Proposal 7: The channelization is designed to support all of the possible intra-band CA.
Proposal 8: CA RF requirement discussion can be put in low priority or one carrier aggregation can be an example in R17.
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