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RAN4 discussed system parameters and numerologies for the 52.6 to 71 GHz frequency range and this contribution further discusses the open points of the way forward in [1], like maximum channel bandwidth and spectrum utilization.
Discussion
In [1] RAN4 agreed the minimum and maximum channel bandwidth for 480kHz and 960kHz SCS. For 960kHz following options were to be considered.
1. 2000MHz for both licensed and unlicensed operations
2. 2160MHz as the max. bandwidth, also 2000MHz will be specified as a channel bandwidth, both licensed and unlicensed operations
3. 2160MHz for unlicensed operation and 2000MHz for licensed operation
4. Make a decision for unlicensed operation and FFS for licensed operation

When thinking of the maximum bandwidth it is necessary to take following items into account
1. Existing numerology (TC)
2. Emission mask requirements (regulation)
3. Spectrum utilization
4. Co-existence with other systems operating on same frequency band.

The maximum sampling rate of the NR system is currently limited to 1966.08MHz due to 480kHz being used as  in 38.211. In case that this definition is not revised by RAN1 this will limit the number of RBs that can be supported with 960kHz SCS to 170. 170RBs results into transmission that uses 2040 sub-carriers and occupies mathematically 1958.4MHz. On the other hand, if value of  is revised to a higher value (for example 960kHz), then significantly wider transmissions can also be supported, but this is also possible with existing  by using carrier aggregation .
Observation: Current RAN1 numerology limits the number of RBs that can be supported with 960kHz SCS to 170. 170RBs results into transmission that uses 2040 sub-carriers and occupies mathematically 1958.4MHz (=transmission bandwidth).
Emission mask requirements in the all parts of the 52.6 to 71GHz frequency range are not fully known yet, but when it comes to upper 14GHz of the band between 57 and 71GHz the regulation in Europe is already including SEM requirements [2]. These requirements are different from FR2 SEM and ACLR requirements and while accurate comparison of them is not straightforward due to different approach following remarks can be made: SEM in European regulation is more relaxed just outside of the own channel but overall emission requirements to adjacent channel can be more stringent. As the emission requirements just outside of the own channel are more relaxed than the existing FR2 requirement it should be possible to use similar spectrum utilization rates that are used in existing FR2 specifications.
Spectrum utilization in FR2 for different SCS is shown in table below, which shows that SU= 95% is generally used.

Table 1. FR2 SU in 38.101-2
	
	200MHz
	400MHz

	60kHz SCS
	95% (264RBs)
	n.a.

	120kHz SCS
	95% (132RBs)
	95% (264RBs)



The un-licensed part of the band, 57 and 71GHz, will be used also by other systems. Examples of such are 802.11ad and 802.11ay radios that operate these frequencies with 2160MHz and 4320MHz wide channels. Although it is not mandatory to align the channels and channel bandwidths with other radios operating in the same frequency range the earlier co-existence studies done show that such arrangement results in improved co-existence between the systems. Although these studies are not addressing the 57 to 71 GHz frequency range, where propagation conditions and the way the systems are operated are different than on lower frequency bands it may still be beneficial to follow the same principles at least within the un-licensed part of the 52.6 to 71GHz frequency range.
Considering the above mentioned four items we see three ways forward with maximum channel BW for 960kHz SCS. First two options assume that no changes to existing RAN1 specifications will be done and the third one assumes that maximum sampling rate is doubled. 
1.) Fs,max= 1966.08MHz, 170RBs, BW,max= 2160, SU= 90.7% (channel bandwidth aligned with 802.11)
2.) Fs,max= 1966.08MHz, 166RBs, BW,max= 2000, SU= 95.6%
3.) Fs,max= 3932.16MHz, 180RBs, BW,max= 2160, SU= 96%

Out of these options we think that option 1 for un-licensed part of the frequency range and  option 2 for licensed operations are the best way forward as they are backwards compatible and will require smallest amount of specification changes, enable maximum reuse for existing solutions ensure good co-existence and wider transmissions can still be supported by using carrier aggregation.
Proposal 1: Maximum channel bandwidth and SU for 960kHz SCS
	
	Licensed operation in 52.6-71GHz range
	Un-licensed operation in 57-71GHz range

	960kHz SCS
	2000MHz (166RBs, SU 95.6%)
	2160MHz (170RBs, SU 90.7%)



The need for 2000MHz as Maximum channel bandwidth for licensed operation can be discussed as this is smaller than 2160MHz and therefore specifying 2160MHz as Maximum and agreeing 2000MHz as supported bandwidth for licensed operation could be an alternative solution. 
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