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Introduction
[bookmark: _Hlk510705081]The study item on supporting NR from 52.6 GHz to 71 GHz [1] was approved at RAN#86. Before that, 3GPP RAN studied requirements for NR beyond 52.6GHz up to 114.25GHz, potential use cases and deployment scenarios, and NR system design requirements and considerations on top of regulatory requirements [2]. 
This contribution presents an overview of  topics to support operation between 52.6 GHz and 71 GHz for both licensed and unlicensed operation.
Applicable numerology and channelization options
Numerology 
Support for multiple numerologies is one of the basic features in NR. Table 4.2-1 captured from TS 38.211 shows the transmission numerologies supported by Rel-15/16 NR. It is well known that larger subcarrier spacing leads to:
· larger carrier bandwidth for a given FFT size,
· smaller symbol duration and potentially lower latency,
· reduced sensitivity to phase noise, and
· reduced CP length (for a given CP overhead).

Table 4.2-1: Supported transmission numerologies 
	

	

	Cyclic prefix

	0
	15
	Normal

	1
	30
	Normal

	2
	60
	Normal, Extended

	3
	120
	Normal

	4
	240*
	Normal

	* not supported for data and control channels



NR Rel-15/16 RAN1 specifications support BWP size up to 275 PRBs, which requires 4k FFT. Based on that the maximum BWP size according to NR Rel-15 is 396 MHz (0.12 MHz*12*275). This is not enough for scenarios above 52.6 GHz where aggregated system bandwidth can be as high as 14 GHz. Increasing number of supported PRBs beyond 275 would result in significant specification impact to RAN1 and RAN2 since many parameters are designed based on this number. Therefore, larger subcarrier spacings needs to be introduced to (i) tackle phase noise, and (ii) to provide larger carrier bandwidth with reasonable FFT size and limited specification impact. As discussed in [2], one possibility to achieve this would be to maintain the NR numerology scaling principle but extend to higher numerologies, i.e. Δf = 2μ × 15 kHz with an appropriate range of possible integer values for μ. Table 1 shows possible subcarrier spacing options for the 52.6 GHz to 71 GHz scenario. 
[bookmark: _Ref31283969]Table 1. Candidate transmission numerologies for >52.6 GHz scenario
	

	

	Cyclic prefix

	3
	120
	Normal

	4
	240
	Normal

	5
	480
	Normal

	6
	960
	Normal

	7
	1920
	Normal

	8
	3840
	Normal


    
Observation 1: Larger subcarrier spacing is required to take advantage of available spectrum with reasonable FFT size.
Channel bandwidth including maximum bandwidth
ITU-R recommends 2.16 GHz channel bandwidth for multiple gigabit wireless systems (MGWS) on the grounds that MGWS standards should employ the same channelization for better coexistence. As discussed in [2], 802.11ad/ay systems currently support multiple of 2.16 GHz blocks in 52.6 GHz to 71 GHz unlicensed spectrum. In order to maximize the coexistence with WiGig, it makes sense to look into 2.16 GHz channelization for NR above 52.6 GHz. 
Observation 2: 2.16 GHz channels maximize co-existence with WiGig.
Increasing the subcarrier spacing will allow an increase in the transmission bandwidth. Further transmission bandwidth increases may be achieved by bonding multiple 2.16 GHz channels. Another solution is to increase the transmission bandwidth with carrier aggregation. Figure 1 shows different options for a wide transmission bandwidth based on 4k FFT and CBW of 2.16 GHz. It can be noted that
· 960 kHz SCS can support only one 2.16 GHz channel. 
· 1920 kHz SCS can support up-to 3 channels (CBW of 6.48 GHz)​
· 3840 kHz SCS can support up-to 6 channels (CBW of 12.96 GHz)  
In order to support wideband operation with a reasonably low number of component carriers at least 960 kHz and 1920 kHz subcarrier spacings seem encouraging options.
[image: ]
[bookmark: _Ref31283938]Figure 1. Possible options for bonding and carrier aggregation, CBW=2.16 GHz.
One of the basic features of NR is variable bandwidth operation. We think that narrowband operation within a 2.16 GHz channel should be enabled. A natural starting point based on NR defined for FR2 would be to support 400 MHz transmission bandwidth as a bandwidth option for > 52.6 GHz scenario (support for BW < 400 MHz is FFS). It can be noted that 400 MHz bandwidth is sufficient to provide a high EIRP under conditions with limited maximum power spectral density (dBm/MHz). In addition to the 400 MHz bandwidth category (supported already in FR2), 800 MHz and 1600 MHz BW categories need to be considered as well. Furthermore, we think that carrier aggregation should be enabled not only between 2.16 GHz channels (discussed above) but also within a 2.16 GHz channel. This would enable maximal reuse of FR2 hardware in the 60 GHz scenario. Furthermore, it would provide efficient coexistence among UEs operating according to different bandwidth capabilities. 
Figure 2 shows an example where 2.16 GHz channel is split into five sub-channels of 432 MHz. We think that sub-channelization needs to be considered in order to facilitate efficient interference management for narrowband operation (e.g. to avoid partial overlap between transmission from adjacent gNBs). Sub-channels can also reduce the UE complexity related to cell search.
 
[image: ] 
Figure 2. Five subchannels within a 2.16 GHz channel 

Observation 3: n x 400 MHz channelization and CA within 2.16 GHz BW enable narrowband operation and good re-usability of FR2 HW. 
Performance evaluations including phase noise and achievable output power evaluations for some of the channelization options have been provided in companion contribution in [3].
Conclusion
In this contribution we have discussed applicable numerology and channelization for NR operation in 52.6 - 71 GHz. Following observations were made:
Observation 1: Larger subcarrier spacing is required to take advantage of available spectrum with reasonable FFT size.
Observation 2: 2.16 GHz channels maximize co-existence with WiGig.
Observation 3: n x 400 MHz channelization and CA within 2.16 GHz BW enable narrowband operation and good re-usability of FR2 HW.
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