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1. Introduction
In the last meeting, the numerology and CBW were discussed. WF was approved to further discuss them in this meeting. This contribution provides our further consideration and views.
2. Discussion
The followings are the last RAN1/RAN4 meetings’ agreements which relate to RAN4 SCS and CBW discussion, 
RAN1,
Conclusion:
The OCB requirement of draft version v2.1.20 of EN 302 567 implies that 
· Device supports one or multiple declared nominal channel bandwidths. 
· For each declared nominal channel bandwidth, RAN1 design should support at least one physical layer signal/channel transmission that occupies at least 70% of the nominal channel bandwidth. 
· FFS: Mapping of nominal channel bandwidth to bandwidth definitions in NR.
Agreement:
For NR system operating in 52.6 GHz to 71 GHz, 
· NR should be designed with maximum FFT size of 4096 and maximum of 275RBs per carrier;
· Candidate supported maximum carrier bandwidth(s) for a cell is between 400 MHz and 2160 MHz;
· If subcarrier spacing 240 kHz or below are supported, NR in 52.6 to 71 GHz is expected to use normal CP length only (does not have any implications on whether ECP is supported for the higher subcarrier spacings, if supported).
RAN4,
· Channel Bandwidth
· Maximum channel bandwidth is in [400 – 2160] MHz
· RAN4 continues to discuss about a maximum channel bandwidth. 
· Minimum channel bandwidth is in [50 – 800] MHz.
· Companies are encouraged to provide input in the next meeting.
· Sub-Carrier Spacing
· Further evaluation on feasibility of SCS from 120 kHz to 960 kHz in the next meeting.
· Companies are encouraged to evaluate feasibility from RAN4 perspective, i.e.,
· EVM
· Timing requirement
· Etc.
· FFS on 1920 kHz

Based on the above agreement, we have more analysis on numerology and CBW.

2.1 Sub carrier spacing
RAN4 is tasked to study the SCS feasibility for 52.6-71 GHz, all of the candidates are analysed as following.

60 KHz and 120 KHz
60 KHz and 120 KHz are supported by current FR2 bands, there’s no problem for the feasibility. The point needs to be discussed is that if the two SCSs are needed in the real deployment considering the spectrum width in 60 GHz is much larger than current FR2 bands. In our understanding, although large CBW is expected, relative smaller BW can provide flexibility for the implementation. As the path loss for this range of spectrum is large, short range point to point communication may be a valid scenario then 50 MHz CBW is large enough to support some high throughput applications such as high resolution video. Considering the SSB BW, 120 KHz is the highest SCS which can support 50 MHz CBW. Another reason for keeping both or one of 60 KHz and 120 KHz is that reusing some current FR2 implementation can bring some benefit to the new frequency band deployment. Then for 60 KHz and 120 KHz, we have the following proposal,
Proposal 1: At least one of 60 KHz and 120 KHz should be supported if 50 MHz CBW is supported by 52.6-71 GHz.

240 KHz and 480 KHz
240 KHz and 480 KHz are not supported by current FR2 data channel. 240 KHz is supported by current FR2 SSB to decrease the cell search time. In RAN4 R15 discussion, companies found it’s challenge to support 240 KHz SCS for data channel especially in BB side. FR2 intra-band contiguous CA supports up to 1200 MHz.  For 240 KHz SCS, the CBW can be supported is 100 MHz~800 MHz. For 480 KHz SCS, the CBW can be supported is 200 MHz~1600 MHz. 240 KHz SCS is feasible for the current FR2 implementation capability. For 480 KHz SCS, if FFT size is 4096, current FR2 implementation capability can’t support it considering the 1600 MHz CBW. If 480 KHz SCS and smaller FFT size like 2048, 1024 are defined, then the maximum CBW is maintained as 800 MHz. From that point of view, 480 KHz can also be considered. Whether large SCS can bring benefit to system performance, it should be left to RAN1 discussion.
Proposal 2: 240 KHz SCS/4096 FFT size and 480 KHz SCS/2048 FFT size can be considered for 52.6-71 GHz.
One point needs to be paid attention is that there’s a regulation about OCB. For each declared nominal channel bandwidth, RAN1 design should support at least one physical layer signal/channel transmission that occupies at least 70% of the nominal channel bandwidth. To our understanding, CA and single carrier can comply with the regulation. But if the regulation is defined for single carrier, 480 KHz SCS/4096 FFT size may needed to be defined.
Observation 1: If single carrier BW needs to be defined to comply with the OCB regulation in EN 302 567, 480 KHz SCS/4096 FFT size may need to be supported.

960 KHz
960 KHz was proposed by some companies in last RAN4 meeting. The main reason behind the proposal is to support large BW up to 2 GHz for unlicensed bands. The sampling rate for 960 KHz SCS/4096 FFT size is 3.93216 GHz which is very high and even larger than the 802.11ad sampling rate 2.64 GHz. It should be noted that 160 RB number is assumed in RAN1 discussion to align with the 2.16 GHz channel BW, but usually for 4096 FFT size, 264 RB is used for FR2 bands. Then from that point of view, 960 KHz SCS single carrier 2 GHz BW needs specific implementation compared with other SCS. For licensed bands, we didn’t see very urgent demand to define very large CBW. Carrier aggregation can also support the large working BW through the aggregated BW. RAN1 may have some discussion that if 960 KHz SCS can bring more benefit  from symtem performance point of view. That should in the scope of RAN1.
Observation 2: The sampling rate of 960 KHz/4096 FFT size is larger than 802.11 ad sampling rate.
Observation 3: The RB number assumption for RAN1 2 GHz discussion is not the same as current FR2 design.
Observation 4: The need to define very large BW in licensed bands is not very clear.
Proposal 3: 960 KHz is not supported by 52.6-71 GHz.

Mandatory SCS
There’re up to 5 candidate SCSs for 52.6-71 GHz. As there’re licensed bands and unlicensed bands in this spectrum part, the numerology discussion is more complicated than the previous FR2 discussion. If more than 2 SCSs are supported by the bands, we think the number of mandatory numerologies should be limited. Currently, 3 numerologies are supported by FR1 with two of them are mandatory and 2 numerologies are supported by FR2. Therefore, we think the limitation number of mandatory numerologies of 52.6-71 GHz can also be two.
Proposal 4: Only 2 SCSs are mandatory for 52.6-71 GHz if more than 2 SCSs are defined to be supported in spec.
2.2 Channel BW
According to the analysis in 2.1, we think 50 MHz – 800 MHz can be the single carrier bandwidth. Carrier aggregation can be discussed if larger CBW is demanded.
Proposal 5: 50 MHz – 800 MHz single carrier bandwidth is defined for 52.6-71 GHz bands.
As discussed in Observation 1, if single carrier bandwidth is needed to comply with the OCB regulation, 1600 MHz CBW may be needed.
[bookmark: _GoBack]Observation 5: 1600 MHz single carrier bandwidth may be discussed depending on the understanding of OCB regulation.
3. Conclusion
We did further analysis for the numerology and CBW for 52.6-71 GHz. We have the following proposals and observations.
Proposal 1: At least one of 60 KHz and 120 KHz should be supported if 50 MHz CBW is supported by 52.6-71 GHz.
Proposal 2: 240 KHz SCS/4096 FFT size and 480 KHz SCS/2048 FFT size can be considered for 52.6-71 GHz.
Proposal 3: 960 KHz is not supported by 52.6-71 GHz.
Proposal 4: Only 2 SCSs are mandatory for 52.6-71 GHz if more than 2 SCSs are defined in spec.
Proposal 5: 50 MHz – 800 MHz single carrier bandwidth is defined for 52.6-71 GHz bands.

Observation 1: If single carrier BW needs to be defined to comply with the OCB regulation in EN 302 567, 480 KHz SCS/4096 FFT size may need to be supported.
Observation 2: The sampling rate of 960 KHz/4096 FFT size is larger than 802.11 ad sampling rate.
Observation 3: The RB number assumption for RAN1 discussion of 2 GHz CBW is not the same as current FR2 design.
Observation 4: The need to define very large BW in licensed bands is not very clear.
Observation 5: 1600 MHz single carrier bandwidth may be discussed depending on the understanding of OCB regulation.
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