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Background
In RAN#90e, supported subcarrier spacing was agreed for 52.6 – 71 GHz in addition to 120 kHz which are 480 and 960 kHz as optional [1]. In last RAN4#97e, several way forwards were agreed (R4-2017832) –
	· WF#1: Minimum channel bandwidth for 52-6 – 71 GHz NR operation: both 50MHz and 400MHz channel bandwidths are considered as conclusion of RAN4 part of SI and as inputs to the followup WI discussions. 
· WF#2: Maximum channel bandwidth for 52-6 – 71 GHz NR operation: depends on the decision on the max SCS in RAN1 (i.e. both 480 and 960 kHz SCS under consideration) and further RAN4 discussion in followup WI. 
· WF#3: Carrier aggregation is considered to be used for NR operation in 52.6 – 71GHz range. Decision on intra/inter band operation in contiguous/non-contiguous allocation is out of scope of this SI.



In this contribution, we summarize the latest status for TR 38.808 and additional aspects for the future discussion during WI phase.
Discussion
General aspects of numerology and channel bandwidth
As indicated in the SID, existing DL/UL waveform is employed to support operation between 52.6 GHz and 71 GHz. Note that the selection of numerologies can follow design principle as defined in NR Rel-15. More specifically, subcarrier spacing at this frequency range can be equal to kHz, where  is a positive integer number. Further, symbol- and subframe-level boundary alignment across different subcarrier spacings with same CP overhead is defined, which can help in achieving seamless coexistence when mixed numerologies are employed in the same frequency band. 
Selection of the potential subcarrier spacing requires consideration of not only RF impairments such as phase noise, but should factor into account implementation complexity, how wider bandwidths could be supported, and standard specification impact. Compared to FR2 where subcarrier spacings with 60 kHz and 120 kHz are specified for data and control channel, and 120 kHz and 240 kHz are specified for SSB transmission, a larger subcarrier spacing is envisioned for carrier frequency between 52.6 GHz and 71 GHz, to combat more severe phase noise.
Table 1 summarizes the final numerologies for carrier frequency between 52.6 GHz and 71 GHz after RAN plenary discussion [1]. Note that in the table, slot duration is calculated for the slots other than first slot of 0.5ms duration. For the first slot of 0.5 ms duration, additional 0.52 µs is needed to align the symbol- and slot boundary as for smaller subcarrier spacing in FR1 and FR2.

	µ
	3
	4
	5
	6

	Subcarrier spacing
	120 kHz
	N.A.
	480 kHz
	960 kHz

	Symbol duration
	8.34 µs
	N.A.
	2.08 µs
	1.04 µs

	Slot duration
	124.86 µs
	N.A.
	31.22 µs
	15.60 µs

	Normal CP length
	585.94 ns
	N.A.
	146.48 ns
	73.24 ns

	Extended CP length
	2083.34 ns
	N.A.
	520.83 ns
	260.42 ns


[bookmark: _Ref47257008]Table 1. Finalized numerologies and symbol/slot duration

In RAN1#103e, RAN1 decided 120 kHz as being mandatory SCS to guarantee the reuse of the FR2 NR design while newly introducing 480 kHz and 960 kHz as optional to cover broad spectrum in 52.6 – 71 GHz.

Observation #1: 120 kHz is supported as mandatory SCS and 480/960 kHz SCS are supported as optional to support 52.6 – 71 GHz spectrum.

In order to achieve data rate that cannot be provided by existing bands and deployments, we should consider support of much wider bandwidths such as 8 GHz or larger. The NR technology operating in 52.6 GHz and 71 GHz does somewhat compete for similar use cases with IEEE 802.11ad and 802.11ay, therefore it is important for 3GPP to also provide comparable peak data rates, while providing support for other (smaller bandwidth sizes) to efficiently adapt to use cases listed in [3]. In this case, smaller channel bandwidth defined for NR in 52.6 – 71 GHz frequencies would make NR less competitive against the existing systems. At the very least, an efficient mechanism to support system bandwidths around 2 GHz is going to be crucial to have easier inter-operability with 802.11ad and 802.11ay system, and to support peak data rate that are difficult to achieve in FR1 and FR2. In this regard, lack of supporting larger bandwidths would reduce a full potential of 52.6 – 71 GHz frequency range for truly NR-based massive broadband and make it less attractive for emerging applications like AR/VR.

Regarding the minimum channel bandwidth, both 50 MHz and 400 MHz are still on the table. However, considering very wide spectrum to cover, i.e., 18.4 GHz, 50 MHz might not be practical. As an example, at least 368 channel raster entry points are required to cover the whole spectrum, i.e., 18,400 MHz ÷50 MHz, and it is expected to have even more sync raster entries which significantly increases UE scanning time and power consumption. Since FR2 system already supports up to 200 MHz channel bandwidth as mandatory and 400 MHz as optional, we do not think smaller than 200 MHz is practical. Even 5 GHz and 6 GHz NR-U systems support 80 MHz as mandatory.

Observation #2: In FR1 NR-U, 80 MHz CBW is mandatory support and 200 MHz CBW is mandatory in FR2.
Observation #3: 50 MHz CBW in 60 GHz spectrum is not practical for UE implementation perspective considering the number of channel raster and sync raster entries which cause significantly long channel scan time and UE power consumption.

In order to support bandwidths near 2 GHz, there may be few options. Supporting the 2 GHz via using multiple aggregated component carriers or by using a single component carrier. The latter does require higher subcarrier spacing to be utilized as RAN1 has agree to limit the FFT and PRB sizes. Regardless of the two options, the amount of information that is conveyed in normalized time unit is roughly the same (minus guard bands for multiple component carriers). Using smaller subcarrier spacing increases the number of tones to be process in the 2 GHz, but expands the time duration in which these information is sent over, and using larger subcarrier spacing reduces the number of tones to processed and also reduces the time duration in which information is sent over. Therefore, over the normalized unit time, the total amount of information bits that needs to be process is similar.
From the UE perspective, using a relatively lower subcarrier spacing means more modulated information and bits must be block processed (compared to using larger subcarrier spacing) together, as the UE will be expected to process data in unit of slots (with the exception of sub-slot data scheduling, which are not meant to be used for peak data rates). While it is possible for the UE to pipeline the processing of data for each codeblock and therefore break down the slot into smaller segments for processing, UE will need to handle multiple codeblocks from multiple component carriers as well, and efficiently scheduling and managing decoders as multiple codeblocks are being concurrently received is not a trivial task. If tens of components carrier are expected to be used to support wideband operations, the added complexity for the UE to handle of larger amount of information (even though longer time is given) is something that can be brushed aside.
Use of larger subcarrier spacing in the other hand, shortens the duration of the slot. This allows the data to be naturally break apart into smaller processing units, potentially resulting in lower processing latency, and overall lower baseband processing complexity especially when handling wider bandwidths.
Table 2 summarizes the possible channel bandwidth and corresponding FFT size with various candidate subcarrier spacings. As in Rel-15, RAN1 needs to consult RAN4 for candidate values of channel bandwidth for carrier frequency between 52.6 GHz and 71 GHz. 
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Therefore, we believe it is critical to discuss how NR plans to support wider bandwidths 2 GHz and beyond when considering supported subcarrier spacing. For example, if we support 400 MHz CBW with 120 kHz for data transmission, and wanted to support aggregated bandwidth of 8 GHz, the system would need 20 component carriers to be aggregated. Based on discussion above, this would not be an efficient method to operate the system. 
Observation #4: In case of carrier aggregation, care should be taken for efficient system operation.
Summary
In this paper, we shared our view on the numerologies and channel bandwidths in 52.6 – 71 GHz. The following proposal were made:
Observation #1: 120 kHz is supported as mandatory SCS and 480/960 kHz SCS are supported as optional to support 52.6 – 71 GHz spectrum.
Observation #2: In FR1 NR-U, 80 MHz CBW is mandatory support and 200 MHz CBW is mandatory in FR2.
Observation #3: 50 MHz CBW in 60 GHz spectrum is not practical for UE implementation considering the number of channel raster and sync raster entries which cause significantly long channel scan time and UE power consumption.
Observation #4: In case of carrier aggregation, care should be taken for efficient system operation.
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