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1 [bookmark: _Ref513464071]Introduction
NR specifications that have been developed in Rel-15 and Rel-16 define operations for frequencies up to 52.6GHz, for which the physical layer is designed to be optimized. To further exploit the mmWave frequency resources, bands beyond 52.6GHz are being considered. As an initial step, 3GPP RAN has studied requirements for NR beyond 52.6GHz up to 114.25GHz including global spectrum availability and regulatory requirements (including channelization and licensing regimes), potential use cases and deployment scenarios, and NR system design requirements and considerations on top of regulatory requirements [1]. Among the frequencies of interest, frequencies between 52.6 GHz and 71 GHz attract more interest relatively in the short term because of their proximity to sub-52.6GHz for which the current NR system is optimized and the imminent commercial opportunities for high data rate communications, e.g., unlicensed spectrum but also licensed spectrum between 52.6GHz and 71GHz.
In RAN #86, a new SI was approved to study on supporting NR from 52.6GHz to 71GHz. The objectives of this SI include:
· Study of required changes to NR using existing DL/UL NR waveform to support operation between 52.6 GHz and 71 GHz
· Study of applicable numerology including subcarrier spacing, channel BW (including maximum BW), and their impact to FR2 physical layer design to support system functionality considering practical RF impairments [RAN1, RAN4].
· Identify potential critical problems to physical signal/channels, if any [RAN1].

· Study of channel access mechanism, considering potential interference to/from other nodes, assuming beam based operation, in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6 GHz and 71 GHz [RAN1].
· Note: It is clarified that potential interference impact, if identified, may require interference mitigation solutions as part of channel access mechanism.   


In this contribution, we discuss the required changes of NR physical layer to support operations on the band from 52.6GHz to 71GHz.
2 Discussions
[bookmark: _Hlk534382256]Existing waveforms for DL/UL are assumed to be reused for the band from 52.6GHz to 71GHz, so most PHY layer designs of NR-U sub-7GHz could be reused. However, considering the particular characteristics of mmWave band, some enhancements on the PHY channels/signals need be considered.
Channel bandwidth
[bookmark: OLE_LINK205][bookmark: OLE_LINK206][bookmark: OLE_LINK262][bookmark: OLE_LINK263][bookmark: OLE_LINK196][bookmark: OLE_LINK197][bookmark: OLE_LINK198]In NR Rel-15, the maximum bandwidth of a single CC is 400MHz. However, as summarized in [1], for the bands from 52.6GHz to 71GHz, the available continuous frequency bandwidth could be up to multiple Giga Hertz in most countries and regions, both for the licensed and unlicensed bands. Therefore, it is desirable to support bandwidth larger than 400MHz for a single CC in these new bands. Larger channel bandwidth can benefit the use cases identified in [1] where high date rate is widely required. On the other hand, for the 60GHz unlicensed spectrum, IEEE 802.11ad/ay have already defined 2.16GHz channel bandwidth, and aggregation of multiple 2.16GHz channels is also supported by 802.11ay. As indicated in [1], currently there is no clear regulatory rules on the max allowed channel bandwidth nor requirements on occupied channel bandwidth (OCB) in most regions. From regulation perspective, it seems NR is not necessary to have same bandwidth as 802.11ad/ay. However, using same/similar bandwidth as 802.11ad/ay may be beneficial for fair coexistence of the two systems as a same LBT bandwidth can be used. Furthermore, having same bandwidth can avoid resource waste due to the mis-aligned frequency band between NR and WIFI, and it is also beneficial for the control of the out-of-band emission to other system.
[bookmark: OLE_LINK199][bookmark: OLE_LINK200][bookmark: OLE_LINK201][bookmark: OLE_LINK202][bookmark: OLE_LINK260][bookmark: OLE_LINK261]Furthermore, 802.11ay provides a theoretical peak date rate of 176Gbps, supporting wider bandwidth for NR is more attractive with respect to enhancing commercial competitiveness. However, cost and complexity should also be taken into account. In Rel-15, it is assumed that the maximum FFT size is 4096, this assumption could be a baseline for the design of bands from 52.6GHz to 71GHz. Therefore, as listed in Table.1, if ~2GHz bandwidth for a single CC is supported, the subcarrier spacing bigger than 960KHz can be considered.
Table 1. Required FFT size to supporting wider bandwidth
	SCS
	FFT size to support 800MHz BW
	FFT size to support ~ 1.6GHz BW
	FFT size to support ~ 2.16 GHz BW

	120K
	8192
	16384
	32768

	240K
	4096
	8192
	16384

	480K
	2048
	[bookmark: OLE_LINK191][bookmark: OLE_LINK192][bookmark: OLE_LINK193]4096
	8192

	960K
	1024
	2048
	4096

	1.92M
	512
	1024
	2048



Proposal 1: Study whether to support same/similar channel bandwidth with 802.11ad/ay, i.e., 2.16GHz, for a single CC for NR operations on the unlicensed bands from 52.6GHz to 71GHz.

[bookmark: OLE_LINK177][bookmark: OLE_LINK178][bookmark: OLE_LINK179]Subcarrier spacing and CP length
In NR Rel-15, scalable numerologies are defined to support diverse services in a wide range of frequency bands. For FR2, up to 120KHz SCS for UL/DL shared/control channels and up to 240KHz for SSB are supported. In our opinion, the mechanisms of SCS scaling (i.e.,  scaling of 15KHz) in Rel-15 should be reused if new numerologies are supported, and it is beneficial for the alignment of time/frequency domain resources of different numerologies. For the CP length, the scaling method in Rel-15 can also be considered. However, extended CP may be considered at least for the large SCS scenarios where CP will be quite short for NCP. Table.2 gives an example of the candidate SCSs and NCP lengths with the Rel-15 scaling method. If extended CP is supported, the CP length should be further studied to considering the channel propagation delay and hardware processing requirements (e.g., the beam switching delay).
Table 2. Candidate new SCSs and CP lengths for the bands from 52.6GHz to 71GHz
	SCS
	CP length (normal CP)
	OFDM Symbol length
	Slot length

	240K
	292ns
	4.46us
	62.5us

	480K
	146ns
	2.23us
	31.25us

	960K
	73ns
	1.12us
	15.625us

	1.92M
	37ns
	557ns
	7.8125us



Proposal 2: The scaling mechanism defined in Rel-15 is reused for new numerologies design for the bands from 52.6GHz to 71GHz.

To extend the NR FR2 design to the frequency bands from 52.6GHz to 71GHz, new numerologies (i.e., SCS and CP length) should be designed and evaluated considering the following factors:
(a) [bookmark: OLE_LINK1]RF impairments: The RF impairments which may impact the SCS design mainly include the PA non-linearity, the central frequency offset and the phase noise level. Compared to the bands below 52.6GHz, these RF impairments become more severe due to the higher frequency. For example, the phase noise level for a RF component operates in the frequency band of 70GHz may be ~6dB worse than that works in the band of 35GHz, if we assume a same oscillator is used for these two frequency bands and a frequency doubler is used to generate 70GHz frequency from 35GHz. Such a 6dB deterioration of phase noise may have serious impact on the link level performance, if the existing FR2 numerologies is reused for the new band. Therefore, at least one or several SCS larger than 120KHz should be studied and evaluated with the practical RF impairment assumptions.
In NR Rel-15, PN models was studied and several models[2] were used in evaluations of waveform and numerology comparisons. However, whether these models can still be used in the new frequency bands should be studied, especially for the case of indoor deployment where low cost and low complexity gNB and UE are important for the unlicensed spectrum.
(b) Channel properties: In TR38.807, a wide range of use cases and deployment scenarios are considered, e.g., the high date rate eMBB and mobile data offloading which may mainly occurred in the indoor and dense urban deployment, as well as the ITS and V2X use cases which may mainly be used in the Urban or Rural Micro/Macro scenarios. Therefore, if these deployment scenarios are to be supported in Rel-17, the impact on the numerology design of the channel properties of these diverse deployment scenarios should be studied. For example, as shown in Table 2, if large SCS is used (e.g., 960KHz), the length of normal CP will be very short (e.g., 73ns). Such a short CP may be not enough to absorb the propagation delay, the beam switching delay and the possible timing errors. Therefore, longer CP may need be considered. 
Another challenge is the Doppler spread. The band 63-64 GHz is assigned for ITS usage in Europe [1], therefore high mobility may be considered, which means high doppler needs be taken into account. SCS should be large enough to counteract the Doppler spread.
(c) Bandwidth of a single CC: as discussed in the first subsection, the SCS is also subject to the maximum bandwidth of a single CC. FFT size is preferred to not exceed 4096, considering the requirements of low cost and low complexity.
[bookmark: OLE_LINK203][bookmark: OLE_LINK204]Proposal 3: Larger SCS and extended CP length could be studied and evaluated with the practical RF impairment, channel properties and the max channel bandwidth of a single CC.

DRS and RACH
In Rel-16 NR-U, DRS burst is developed based on the Rel-15 SSB design with necessary changes. An Omni directional LBT is performed before the transmission of DRS burst, and there is no LBT between two SSB if there is no gap larger than 16us. For each SSB, multiple transmission opportunities are provided, and the position of the actual transmission SSB is determined based on the LBT outcomes. 
For the 60GHz unlicensed band, since the beam-based transmission is likely to be used for the PHY channels/signals, directional LBT could be considered for DRS design, which is beneficial for increasing the transmission opportunities for the beam-based SSB transmission. For DRS design, up to 64 SSB beams should be supported. A straightforward method is to perform directional LBT before the transmission of each SSB, and the beam direction used for LBT RX is same as the TX beam direction of the corresponding SSB. However, considering the large number of SSB, the LBT overhead will be considerably large. Methods to reduce the LBT overhead need be studied, which may include wide-beam or multi-beam based LBT where multiple SSB may share a single LBT process. However, since the regulatory rules are not clear, feasibility of these method in the 60GHz unlicensed band need be firstly studied.
For RACH design, the association method of RACH occasions and SSB defined in Rel-15 could be the starting point. However, similar as the issue of DRS, the reduction of the overhead of directional LBT need be also considered.
Proposal 4: DRS and RACH designs take into account possibly increased overhead due to the use of directional LBT.

PTRS enhancement
As aforementioned, phase noise become severer than the bands below 52.6GHz, especially for the frequency band close to 71GHz. In NR Rel-15, PTRS is introduced to estimate and compensate the phase noise. The distortion caused by phase noise mainly include the Common Phase Error (CPE) and Inter-Carrier Interference (ICI), where CPE plays a dominate role in the relatively lower frequency and ICI becomes more important when frequency become higher. With the existing PTRS design (i.e., configurable density of scattered RS in time and frequency domain), the Common Phase Error (CPE) caused by the phase noise can be compensated. However, for the higher frequency band, the ICI caused by phase noise need be studied. If it is considered to be an issue, methods to compensate ICI may need to be supported, e.g., PTRS enhancements to facilitate the estimation and compensation of ICI effect.
Proposal 5: The impact of ICI caused by phase noise need be studied, and enhancement of PTRS can be considered for the ICI cancelation.
3 Conclusion
In this contribution, we provide our views on the required changes of NR operation in the bands from 52.6GHz to 71GHz. Our proposals are as follows:
Proposal 1: Study whether to support same/similar channel bandwidth with 802.11ad/ay, i.e., 2.16GHz, for a single CC for NR operations on the unlicensed bands from 52.6GHz to 71GHz.
Proposal 2: The scaling mechanism defined in Rel-15 is reused for new numerologies design for the bands from 52.6GHz to 71GHz.
Proposal 3: Larger SCS and extended CP length could be studied and evaluated with the practical RF impairment, channel properties and the max channel bandwidth of a single CC.
[bookmark: _GoBack]Proposal 4: DRS and RACH designs take into account possibly increased overhead due to the use of directional LBT.
Proposal 5: The impact of ICI caused by phase noise need be studied, and enhancement of PTRS can be considered for the ICI cancelation.
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