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Introduction
In RAN #86, a new study item for Rel-17 was approved to extend NR to up to 71 GHz [1]. This contribution will discuss the design aspects for extending NR to up to 71 GHz, including the general aspects of the operating bands from 52.6 GHz to 71 GHz, target development scenarios, new numerology and carrier bandwidth to be supported for this carrier frequency range, and identified impacts to NR PHY design assuming same DL and UL waveforms are reused. 
General Aspects for Operating Bands from 52.6 to 71 GHz
TR 38.807 [2] has summarized the current licensing situation for data communication for carrier frequency between 52.6 GHz and 114.25 GHz for various countries under ITU region 1, 2, and 3. Table 1 shows the situation for carrier frequency between 52.6 GHz and 71 GHz, as the focus of this study item. 

[bookmark: _Ref40169395]Table 1 Current licensing situation between frequency 52.6GHz and 71GHz [2].
	Region
	Country
	Frequency (GHz)

	
	
	52.6-54.25
	54.25-55.78
	55.78-56.9
	56.9-57
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	NOTE 1: Access regime currently under discussion in CEPT



It can be observed that only unlicensed bands are currently identified between 52.6 GHz and 71 GHz, and the identified unlicensed bands are all located between 57 GHz and 71 GHz (i.e., so called 60 GHz unlicensed bands), wherein the carrier frequency range between 57 GHz to 66 GHz is globally unlicensed, while the carrier frequency range between 66 GHz and 71 GHz is only applicable in US at least for now. 

It has been clarified in [1] that the design target of the study item includes both licensed and unlicensed bands, however, due to identified licensed situation, it would be more efficient to prioritize unlicensed band (i.e., 60 GHz unlicensed band) in this study item, due to a much clearer situation of the channelization and regulation on that band. Moreover, there could be a chance of licensing licensed band between 66 GHz to 71 GHz, other than US, then there is a potential possibility to have overlapping bandwidth supporting both licensed and unlicensed operations, which should be taken into account when designing the system. 

Observation 1: Only unlicensed bands are currently identified between 57 GHz and 71 GHz. 

Observation 2: There is a potential to support both licensed and unlicensed operations over the bandwidth between 66 GHz and 71 GHz. 

Proposal 1: The study item shall support both licensed and unlicensed operation between 52.6 GHz and 71 GHz, and unlicensed band between 57 GHz and 71 GHz (i.e., 60 GHz unlicensed band) should be prioritized.
Target Development Scenarios
TR 38.807 [2] also has summarized the development scenario and associated use cases identified for carrier frequency between 52.6 GHz and 114.25 GHz, as shown in Table 2. RAN1 should first clarify which of the scenarios are targeted for carrier frequency between 52.6 GHz and 71 GHz, especially for the 60 GHz unlicensed spectrum. From our perspective, as a unlicensed band, at least the indoor hotspot scenario should be prioritized in this study item, and the PHY design aspects should at least fulfill all the requirements for such development scenario. 

[bookmark: _Ref40169484]Table 2 Deployment scenarios for carrier frequency between 52.6 GHz and 114.25 GHz [2].
	Deployment scenarios
	Use cases

	Indoor hotspot
	High data rate eMBB, Mobile data offloading, Vertical industry factory application, Critical medical applications, Augmented reality/virtual reality headsets and other high-end wearables, Wireless Display Transfer, Radar/Positioning, Private Networks, Integrated access backhaul (IAB)

	Dense Urban
	High data rate eMBB, Mobile data offloading, Integrated access backhaul (IAB), Augmented reality/virtual reality headsets and other high-end wearables, Radar/Positioning, Private Networks

	Urban Micro
	High data rate eMBB, Mobile data offloading, Broadband distribution network, Integrated access backhaul (IAB)

	Urban Macro
	Broadband distribution network, Integrated access backhaul (IAB)

	Rural
	Broadband distribution network, Integrated access backhaul (IAB)

	Factory Hall
	Vertical industry factory application, Data center inter-rack connectivity, Factory automation/Industrial IoT(IIoT), Private Networks, Radar/Positioning, smart grid automation (note: smart grid automation use case is not limited to indoors only)

	Indoor D2D
	Short-range high-data rate D2D communications, Critical medical applications, Augmented reality/virtual reality headsets and other high-end wearables



Proposal 2: The study item shall clarify which development scenarios are targeted for carrier frequency between 52.6 GHz and 71 GHz, and at least indoor hotspot should be prioritized for 60 GHz unlicensed band.
Carrier Bandwidth 
One of the key aspects for this study item is to identify new carrier bandwidth for carrier frequency between 52.6 GHz and 71 GHz, assuming same DL and UL waveform of NR are reused. In NR Rel-15 and Rel-16, a supported maximum carrier bandwidth is 100 MHz for FR1, and 400 MHz for FR2. However, such bandwidth is not sufficient for operation between 52.6 GHz and 71 GHz. For example, at least for 60 GHz unlicensed band, a carrier with bandwidth as large as 2.16 GHz should be supported, wherein the channelization is same as the coexistence RAT such as 802.11 ad operating on the same carrier frequency range. 

Proposal 3: The study item shall identify new carrier bandwidth for operation between 52.6 GHz and 71 GHz: 
· For 60 GHz unlicensed band, at least a carrier bandwidth of 2.16 GHz shall be supported.
· For licensed band, further study is required. 
New Numerology
Another key aspect for this study item is to identify new numerology(ies) for carrier frequency between 52.6 GHz and 71 GHz, assuming same DL and UL waveform of NR are reused, wherein the numerology includes a subcarrier spacing (SCS) and a CP length. 

In NR Rel-15 and Rel-16, a supported SCS is scaled from 15 kHz and in the form of  kHz, and the maximum FFT size is 4096, which corresponds to 100 MHz carrier bandwidth with 30 kHz SCS for FR1, and 400 MHz carrier bandwidth with 120 kHz SCS for FR2. To simplify the hardware changes, in order to support the carrier frequency between 52.6 GHz and 71 GHz, the same maximum FFT size shall be maintained. According to this design target, at least for 60 GHz unlicensed band with 2.16 GHz channelization, 960 kHz SCS shall be considered as a baseline. 

Moreover, so far, a normal CP length (i.e., 14 symbols in a slot) and an extended CP (i.e., 12 symbols in a slot) are supported, wherein the NCP is supported for all the SCS, and ECP is only supported for 60 kHz SCS. ECP is mainly targeted for the scenario with long delay spread, wherein the CP length in NCP may not be sufficient. For the same reasoning, both NCP and ECP shall be studied for the carrier frequency between 52.6 GHz and 71 GHz, taking into consideration the targeted development scenarios clarified by RAN1. 

A summary of the FFT size, symbol duration, and CP length with respect to different SCS and CP length is illustrated in Table 3, wherein a carrier with 2.16 GHz bandwidth is assumed. 

[bookmark: _Ref40171336]Table 3 A summary of FFT size, symbol duration, and CP length for 2.16 GHz carrier.
	SCS
	FFT size
	Symbol duration (NCP)
	CP length (NCP)
	Symbol duration (ECP)
	CP length (ECP)

	480 kHz
	8192
	2.23 us
	0.15 us
	2.60 us
	0.52 us

	960 kHz
	4096
	1.11 us
	0.07 us
	1.30 us
	0.26 us



Proposal 4: At least for 60 GHz unlicensed band, 960 kHz SCS shall be supported, and further study to support NCP and/or ECP. 
Impacts to PHY Design
According to the support of new numerology(ies) and new carrier bandwidth, the physical layer design will be impacted. At least the following aspects are expected to be modified/enhanced from NR FR2, in order to support the operation between 52.6 GHz and 71 GHz. 

SS/PBCH block is only supported for 15 kHz and 30 kHz for FR1, and 120 kHz and 240 kHz for FR2. The SS/PBCH block pattern needs to be defined for the new numerology. Scaling from existing SS/PBCH block pattern can be considered as the baseline, but design aspects including the switching time between neighboring SS/PBCH block beams shall be taken into account. 

PRACH preamble is also not supported for the new numerology, but since the PRACH can have different numerology compared to other UL channels in NR; thus a direct scaling or reuse from existing numerology can be considered. Meanwhile, due to the much larger SCS, the symbol duration is much shorter than NR Rel-15/16. Hence, there is a higher demand to support non-consecutive RO within PRACH slot to provide gap for performing LBT on 60 GHz unlicensed band. 

NR processing time, scheduling, and HARQ process are all sensitive to the symbol duration, which can be served as the time domain granularity. Motivated by PSD limits according to the regulation, the granularity in F-domain will be impacted. For operation between 52.6 GHz and 71 GHz, these procedures should be studied for modification/enhancement in both time and frequency domain taking into consideration of the new numerology.  

It is well-known that the effect of phase noise is more sever for higher frequency due to ICI. Therefore, it should be studied whether modification/enhancements on existing reference signal (e.g., PT-RS) are necessary, which requires performance evaluation with the new numerology. 

Proposal 5: At least SS/PBCH block, RACH, processing time, scheduling, HARQ, and reference signal should be studied for modification/enhancement, taking into consideration of the new numerology. 
Conclusion
In this contribution, we have discussed design aspects for extending NR to up to 71 GHz. Observations and proposals of this contribution are summarized as follows. 
Observation 1: Only unlicensed bands are currently identified between 57 GHz and 71 GHz. 

Observation 2: There is a potential to support both licensed and unlicensed operations over the bandwidth between 66 GHz and 71 GHz. 

Proposal 1: The study item shall support both licensed and unlicensed operation between 52.6 GHz and 71 GHz, and unlicensed band between 57 GHz and 71 GHz (i.e., 60 GHz unlicensed band) should be prioritized.

Proposal 2: The study item shall clarify which development scenarios are targeted for carrier frequency between 52.6 GHz and 71 GHz, and at least indoor hotspot should be prioritized for 60 GHz unlicensed band.

Proposal 3: The study item shall identify new carrier bandwidth for operation between 52.6 GHz and 71 GHz: 
· For 60 GHz unlicensed band, at least a carrier bandwidth of 2.16 GHz shall be supported.
· For licensed band, further study is required. 

Proposal 4: At least for 60 GHz unlicensed band, 960 kHz SCS shall be supported, and further study to support NCP and/or ECP. 

[bookmark: _GoBack]Proposal 5: At least SS/PBCH block, RACH, processing time, scheduling, HARQ and reference signal should be studied for modification/enhancement, taking into consideration of the new numerology. 
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