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1. Introduction

In RAN #71 meeting [1], study item (SI) on new radio (NR) access technology was approved. One of objectives for the SI is “Operation in licensed bands (paired and unpaired), and licensed assisted operations in unlicensed bands”. Therefore, in this contribution, we discuss NR operation in unlicensed bands related to numerology, frame structure, and cell/beam identification.
2. Unlicensed spectrum for NR
Use of unlicensed spectrum can be an attractive alternative for traffic offloading since unlicensed spectrum such as 5 GHz and 60 GHz offers a large amount of contiguous bandwidth. For example, for 60 GHz frequency band, 14 GHz is available in US, and, 9 GHz in Europe, 7 GHz in Korea and Japan, and 5 GHz in China. In NR study for unlicensed spectrum, both frequency bands (5 GHz and 60 GHz) can be considered. Overall design choices for 5 GHz can be two folds: One is to allow tight interworking between NR in licensed spectrum and LTE in unlicensed spectrum (for example in a form of CA or dual connectivity if LTE LAA also supports dual connectivity); the other is to redesign unlicensed spectrum access aligned with NR frame structure. Though both approaches can be further investigated, for the second approach, it should be noted that coexistence study should involve the relationship not only between NR-unlicensed spectrum and Wi-Fi but also between NR-unlicensed spectrum and LAA. As Rel-14 eLAA is still on-going to introduce uplink features, and possibly there could be enhancements to support dual connectivity, coexistence study with LAA may not be able to be performed immediately. In that sense, for 5 GHz unlicensed spectrum, we consider the first approach – tight interworking between NR in licensed spectrum and LAA is more preferred approach. On the other hand, 60 GHz is new frequency band with very large bandwidth. This spectrum seems a good candidate for data offloading, and a new design and coexistence study with existing WiGig can be investigated. 
Proposal 1: With on-going work on LTE LAA for 5 GHz frequency, NR study can first focus on 60 GHz for unlicensed spectrum. For 5 GHz, it seems desirable to consider tight interworking between NR and LAA. 
3. Numerology
We may apply numerology for 60 GHz the same as for 70 GHz due to similar carrier frequency and channel characteristics. Thus, as proposed in [2], 120 kHz (FFS: 240 kHz) sub-carrier spacing can be applied for 60 GHz.
If redesign is considered for 5 GHz, we can consider to introduce sub-carrier spacing larger than 15 kHz (e.g., 30 kHz or 60 kHz) and system bandwidth larger than 20 MHz. Generally, any numerology introduced for NR can be also considered for NR in unlicensed spectrum. Larger sub-carrier spacing would be beneficial in that shortened granularity for starting time candidates can lead to the reduction of reservation signal transmission. In addition, system bandwidth larger than 20 MHz can be efficient to transmit large size of data with reduced latency.
Proposal 2: 120 kHz (FFS: 240 kHz) sub-carrier spacing can be considered for candidate numerologies for 60 GHz, the same as for 70 GHz.
4. Frame structure
	Agreements:
· At least the following should be supported for NR in a frequency portion
· A time interval X which can contain one or more of the following
· DL transmission part
· Guard
· UL transmission part
· FFS which combinations are supported and whether they are indicated dynamically and/or semi-statically
· Furthermore, the following is supported

· The DL transmission part of time interval X to contain downlink control information and/or downlink data transmissions and/or reference signals
· The UL transmission part of time interval X to contain uplink control information and/or uplink data transmissions and/or reference signals
· FFS length(s) of time interval X
· FFS: other characteristics of time interval X
· Note: The usage of DL and UL does not preclude other deployment scenarios e.g., sidelink, backhaul, relay


Based on the above agreement made in RAN1#85 [3], Fig. 1 shows an example of frame structure containing UL data.
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Figure 1. Example of frame structure containing UL data

The frame structure for UL channel/signal in unlicensed spectrum should be designed considering that channel access procedure needs to be performed before UE’s transmission. For example, UE1 is scheduled with only UL data in a time interval X and UE2 is scheduled with only UL control in the time interval X. If UE1 transmits UL data after the success of channel access procedure, UE2 may not transmit UL control if the channel is sensed to be busy due to UE1’s transmission. A possible solution can be that UL data for UE1 early stops to arrange a gap for channel access procedure of UE2.
Moreover, for UL control design, we may need to consider regional requirement such as PSD (power spectral density). Then, resource mapping distributed over frequency domain would be more proper than localized mapping to guarantee the coverage of UL control. Also, we need to consider that UL control region can be limited to few symbols (e.g., 1 symbol). In addition, UL sounding signal can be multiplexed with UL control. Therefore, UL control in unlicensed spectrum should be carefully designed considering PSD regulation, symbol duration, and multiplexing with UL sounding signal.

Proposal 3: The frame structure containing UL channel/signal in unlicensed spectrum should be designed considering channel access procedure.
Proposal 4: For UL control design in unlicensed spectrum, consider regional regulation such as PSD, symbol duration, and multiplexing with UL sounding signal.
5. Cell/beam identification
For cell/beam detection and RRM measurement, PSS/SSS/RRM-RS can be transmitted periodically. In order to compensate for large path loss in high frequency bands above 6 GHz, transmission and/or reception can be done based on beamforming. Then, an eNB may transmit PSS/SSS/RRM-RS by sweeping multiple beams to guarantee whole cell coverage. In Fig. 2, we show an example that PSS/SSS/RRM-RS are transmitted with four beams and four sets of PSS/SSS/RRM-RS are transmitted in a TDM manner.
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Figure 2. Example of beam sweeping and PSS/SSS/RRM-RS transmission
To allow possible accumulation of multiple RRM-RS and/or synchronization signals, periodic transmission of signals can be considered. In this case, we should consider eNB’s behaviour when it does not acquire the channel at the timing of transmission of beam#A’s RRM-RS and/or synchronization signals. One approach can be to drop all four sets of PSS/SSS/RRM-RS and try to transmit them in the next period. Another approach can be to continuously perform channel access procedure and transmit partial sets of beams (e.g., if channel becomes idle before transmission timing of beam#C, C-D) or rotate beam pattern (e.g., C-D-A-B) according to the instance of success of channel access procedure. The latter way seems more desirable to increase the opportunity to transmit PSS/SSS/RRM-RS. Similar handling could be necessary for random access procedure.
Proposal 5: Consider how to transmit cell/beam identification related signals based on channel access procedure.
6. Conclusion
In this contribution, we discussed NR operation in unlicensed bands related to numerology, frame structure, and cell/beam identification. The proposals of this contribution are summarized as follows.
Proposal 1: With on-going work on LTE LAA for 5 GHz frequency, NR study can first focus on 60 GHz for unlicensed spectrum. For 5 GHz, it seems desirable to consider tight interworking between NR and LAA. 
Proposal 2: 120 kHz (FFS: 240 kHz) sub-carrier spacing can be considered for candidate numerologies for 60 GHz, the same as for 70 GHz.

Proposal 3: The frame structure containing UL channel/signal in unlicensed spectrum should be designed considering channel access procedure.

Proposal 4: For UL control design in unlicensed spectrum, consider regional regulation such as PSD, symbol duration, and multiplexing with UL sounding signal.

Proposal 5: Consider how to transmit cell/beam identification related signals based on channel access procedure.
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