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1 Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In the RANP #75 meeting, the study idem on NR-based Access to Unlicensed Spectrum was agreed [1]. And one of the objectives in this SID was:
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz
· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands 
This contribution mainly discusses on the waveform and numerology consideration on NR unlicensed band. This contribution is the resubmission of R1-1720579.

2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
In NR study item and work item, duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design have been fully discussed. As SID of NR-based Access to Unlicensed Spectrum said, avoiding unnecessary divergence with decisions made in the NR is the design target, while physical signals and channels must be accordance with regulatory requirements. 
The main regulations on unlicensed band are occupied channel bandwidth (OCB), maximum channel occupancy time (MCOT) and listen before talk (LBT). In the latest version ETSI regulation, during a Channel Occupancy Time (COT) of 5GHz band, equipment may operate temporarily with an OCB of less than 80% of its Nominal Channel Bandwidth with a minimum of 2 MHz in Europe, and the OCB shall be between 70% and 100% of the declared Nominal Channel Bandwidth on 60GHz [2]. 
Regulation parameters on different band, e.g. 5GHZ or 60GHz, are different. The design of NR should not only be accordance with regulatory requirements, but also be compatible with incumbent RATs. LAA design principle could be baseline for NR design.
Waveform
CP-OFDM is the waveform both in downlink of LTE and NR. In LTE, since the presence of wideband reference signals like CRS, OCB of LAA is not a big issue. On the other hand in NR, there is no always on wideband signal, so gNB scheduling must consider OCB restriction. It is not complex for CP-OFDM waveform that just scheduling sideband RBs in downlink. If needed, reservation signals without any transmitting information on sideband RBs could be transmitted based on the implementation of eNB. It happens when frequency selective scheduling gain is achieved and sideband RB is in deep fading that ought not to be scheduled. So on NR unlicensed band, the same CP-OFDM waveform as on licensed band is proposed.
Proposal 1: CP-OFDM is downlink waveform on NR unlicensed band.

In LTE, uplink waveform is DFT-s-OFDM which could expand uplink coverage due to more effective PA utilization with lower PAPR. When multiple user scheduling is adopted, DFT-s-OFDM for single user may violate OCB regulation. So in LAA, B-IFDMA with interlaced 10 RB is used to overcome block bandwidth occupation. In NR uplink, both DFT-s-OFDM and CP-OFDM are supported, so both coverage and spectrum efficiency can be achieved in this method. DFT-s-OFDM in NR unlicensed band uplink has the same OCB issue as in LTE. In this case, interlaced B-IFDMA is baseline waveform to be accordance with regulatory requirements. When CP-OFDM is adopted in NR unlicensed band uplink, due to the freedom scheduling of CP-OFDM, OCB will not be a problem for just scheduling sideband RBs. Benefiting frequency selective scheduling gain for higher spectrum efficiency should be involved in unlicensed band as what is introduced in licensed band.
Proposal 2: Both interlaced B-IFDMA and CP-OFDM are uplink waveform on NR unlicensed band.

Numerology
NR has flexible subcarrier spacing. Higher subcarrier space means shorter symbol interval and lesser reservation duration. Less reservation duration is friendly to high efficient especially when MCOT is short. NR has subcarrier space from 15KHz to 480KHz. For MCOT of 2ms which is the smallest one, 60KHz subcarrier space of which 17us achieves good balance between subcarrier space and ratio of reservation duration to MCOT. So in 5GHz NR unlicensed band, 15KHz and 60GHz are good candidates for operation.
While in higher frequency like 60GHz, it needs wider bandwidth to be compatible with 802.11ad and 802.11ay which have basic bandwidth of 2.16GHz. Carrier aggregation or new higher subcarrier space are two potential methods expanding NR bandwidth comparable with incumbent RATs. For unlicensed band in CA scenario, reusing existing numerology should be the baseline as no further specification complexity like introducing of new HARQ timing of CA is needed. While for unlicensed band in standalone scenario, introducing new numerology can be studied to balance NR implementation and coexistence with Wi-Fi.
Proposal 3: Reusing NR licensed band numerology on unlicensed band at least in case of CA. Introducing new numerology in case of standalone is FFS.

On the other hand, NR has wider bandwidth than LTE. When deployed in 5GHz unlicensed band, both LAA and Wi-Fi have 20MHz bandwidth. For better compatibility, NR could use only 20MHz bandwidth coexisting with LAA and Wi-Fi. BWP mechanism can support a more efficient way than CA. A wider bandwidth NR with multiple BWPs which each of them is 20MHz could be studied under BWP based LBT. And firstly, it should be clarified that if BWP transmitting is accordance with nominal channel bandwidth regulatory requirements. For a nominal channel bandwidth, it has some requirements like out of band emission or spurious emissions. RAN1 would ask RAN4 if BWP transmitting is accordance with regulatory requirements of Nominal Channel Bandwidth.
Proposal 4: RAN1 would ask RAN4 if BWP transmitting is accordance with regulatory requirements of Nominal Channel Bandwidth.

3 Conclusion
In this contribution, we provided our views on the waveform and numerology consideration on NR unlicensed band and proposed that:
Proposal 1: CP-OFDM is downlink waveform on NR unlicensed band.
Proposal 2: Both interlaced B-IFDMA and CP-OFDM are uplink waveform on NR unlicensed band.
Proposal 3: Reusing NR licensed band numerology on unlicensed band at least in case of CA. Introducing new numerology in case of standalone is FFS.
Proposal 4: RAN1 would ask RAN4 if BWP transmitting is accordance with regulatory requirements of Nominal Channel Bandwidth.
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