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1 Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In the RANP #77 meeting, the revised SID 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 
· Consider similar forward compatibility principles made in the NR WI
· Initial access, channel access. Scheduling/HARQ, and mobility including connected / inactive /idle mode operation and radio-link monitoring/failure
This contribution mainly discusses on waveform and bandwidth of NR-U. It is a resubmission of R1-1801899.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
In NR, 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. 
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 and bandwidth
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, both 15KHz and 60KHz subcarrier spacing 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.
NR system supports a much larger maximum transmission bandwidth. Currently, the LAA and the Wi-Fi both have a bandwidth of 20MHz, they can be coexisted with each other well as having same bandwidth. However, if NR system supports a single carrier band with wider bandwidth, for example 80MHz, then some method should be designed for this case with better coexistence and performance. One way it that, the bandwidth of NR is limited to 20MHz under 5GHz unlicensed band operation. However, it will raise processing complexity and reduce performance due to sideband waste. One goal of NR design is to support large bandwidth and low complexity, so we should support large bandwidth carrier to be deployed on 5GHz unlicensed band.
Proposal 4: More than 20MHz bandwidth carrier should be supported on NR unlicensed operation for 5GHz band.

Coexistence on higher frequency band
When frequency becomes higher, directional beam forming is used to compensate large pass loss attenuation. Directional beam forming is different from omnidirectional broadcasting, which new hidden node and exposed node issues are introduced. 


Figure 1, example of directional LBT.
Figure 1 shows one example of directional beam forming issue. In directional case as figure 1 shows, when Tx1 is interfered by Tx2, almost all other directional transmissions are blocked due to omnidirectional LBT. In this case, exposed node area could be so huge that may obviously reduce system performance. Hence, in study item of NR-based Access to Unlicensed Spectrum, RAN1 should study directional LBT mechanism and coexistence for higher frequency band on where directional beam forming is adopted.
Proposal 5: Directional LBT mechanism in NR unlicensed should be studied for higher frequency band, e.g. 37GHz or 60GHz.

3 Conclusion
In this contribution, we provided our views on waveform and bandwidth of NR-U 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: More than 20MHz bandwidth carrier should be supported on NR unlicensed operation for 5GHz band.
Proposal 5: Directional LBT mechanism in NR unlicensed should be studied for higher frequency band, e.g. 37GHz or 60GHz.
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