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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2]. The new RAT shall be inherently forward compatible to allow specification in two separate phases (Phase I and Phase II). 
[bookmark: _GoBack]It was agreed in the previous RAN WG1 meeting (TSGR1 84bis), that New Radio study frame structure(s) need to support at least licensed assisted operation in unlicensed bands (among other features). In this contribution we discuss scenarios, requirements and technical solutions for unlicensed band operation in NR.
2	Scenarios for unlicensed band operation in NR
In the following, we consider possible deployment scenarios and regulatory rules for unlicensed band operation in NR. 

2.1	Deployment scenarios 
It is stated in [1] that NR studies should include at least operation in licensed bands (paired and unpaired), and licensed assisted operations in unlicensed bands. Standalone operation in unlicensed bands not relying on any assistance via licensed carriers is FFS. 
NR provides an opportunity to develop a forward compatible design that would allow for introducing standalone and/or dual connectivity functionalities for unlicensed band operations at any point of time. In order to minimize the legacy burden in the future, key technical solutions and all anticipated scenarios should be considered already in the first NR release (Phase 1). For the sake of forward compatibility, NR studies should take into account also the following functionalities needed for standalone and/or dual connectivity operation:
· PBCH
· PRACH
· Physical uplink control channel.

In addition to unlicensed bands at 5GHz, NR should provide support also for operation lower than 5 GHz band. Based on that, there is a need to consider also larger cell sizes (compared to 5GHz operation) and various coexistence scenarios including also shared spectrum usage between operators.
Proposal #1: Consider all deployment scenarios foreseen for unlicensed band operation in NR
2.2	Regulatory situation
The use of unlicensed spectrum usually involves some regulatory requirements, such as being able to detect if a radar system is using the band or being able to co-exist with other users and radio access technologies. To meet these requirements, procedures such as Dynamic Frequency Selection, Clear Channel Assessment (CCA) or Listen-Before-Talk (LBT) are needed and consequently it is not always possible to transmit immediately if the intended channel is occupied. The maximum channel occupancy time (i.e. duration of a continuous transmission burst) is also regulated.

Different regulatory rules aim at fair and equal spectrum usage for different devices and radio access technologies. In order to ensure smooth operation under LBT requirements, all signal(s) must be easily detectable by the neighboring nodes. There are two set of rules related to detectability:
· Limitations related to occupied channel bandwidth: According to ETSI regulation at 5 GHz band, the Occupied Channel Bandwidth, defined to be the bandwidth containing 99% of the power of the signal, shall be between 80% and 100% of the declared Nominal Channel Bandwidth.
· Limitations related to maximum power spectral density (PSD): For most cases the requirement is stated with a resolution bandwidth of 1 MHz. For example, the ETSI 301 893 specs requires 10 dBm/MHz for 5150-5350 MHz. Similar limitations are involved also in USA (governed by FCC). 

Candidate frequency bands for NR unlicensed band operation include 5GHz and 60 GHz. Most markets offer a large amount of spectrum in the 5 GHz band, for example in Europe there is 455 MHz of spectrum available in the band, as shown in Figure 1a. There are also allocations available in the 5 GHz band in countries such as US, Korea and Japan. Typically in the 5 GHz band, the lower portion of the band is often restricted to indoor use, with a maximum transmit power of 200 mW or less, while the upper part of the spectrum allows higher transmission power, typically 1 W. 

As shown in Figure 1b, 60 GHz band offers a large amount of contiguous spectrum, e.g. 7 GHz in US, Japan and Korea and as much as 9 GHz in Europe. Maximum EIRP varies typically between 40 and 47 dBm. European rules define not only the peak EIRP but also maximum spectral power density (dBm/MHz).
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	a) 5 GHz band
	b) 60 GHz band


Figure 1. Summary of spectrum situation in key markets.
Proposal #2: Consider both 5GHz and 60GHz bands as potential scenarios for unlicensed band operation in NR 
3	Functionalities for NR unlicensed band solution
In this section we discuss technical solutions and especially frame structure impact of unlicensed band scenarios. 
3.1	Scalable numerology
Generally speaking, NR unlicensed band scenario should be considered as one scenario of the scalable NR numerology/air interface. In other words, support for unlicensed band operation should be inbuilt in the NR system design. Compared to LTE LAA solutions, NR solution will benefit from scalable numerology e.g. in terms of improved latency performance, more agile channel access, and more cost efficient solution to leverage in the large amount of unlicensed spectrum available. Scalable numerology includes e.g.
· Support for shortened symbol length (increased subcarrier spacing). Short symbol length may facilitate more efficient coexistence.
· Support for shortened slot length. Short slot length may facilitate more efficient coexistence.
· Support for wider carrier bandwidth. For example, at least 80 MHz bandwidth may be required when operating at 5 GHz unlicensed band. 
· Support for carrier aggregation. Unlicensed band operation benefits from flexible frequency or carrier usage.

When operating at 60 GHz, NR unlicensed band operation needs to support also RF beamforming. 
Proposal #3: Unlicensed band operation needs to be considered as a scenario for scalable NR numerology   

3.2	Frame structure principles
Several of NR design aspects agreed or discussed in recent RAN1 meetings enable forward compatibility that facilitate efficient introduction of NR unlicensed band operation in a later phase:
· The three basic slot types, DL subframe, bi-directional subframe and UL subframe as illustrated in Figure 2, can be seen as basic building blocks of NR frame. They can be used to support frame structure with highly flexible UL/DL portions that can facilitate efficient NR operation on unlicensed bands. 
· Basic forward compatibility design principle to strive for maximizing the amount of time and frequency resources that can be left blanked, minimizing transmission of always-on signals, and confining signals and channels within a configurable/allocable time/frequency resource facilitates for later introduction of e.g. LBT gaps.
· Efficient discovery signalling together with cell on/off mechanism, a key building block in the lean carrier design, is essential also for unlicensed band operation involving frequent and unpredictable cell off periods. 
Of course, forward compatibility for unlicensed band operation needs to be considered throughout the frame structure design, as in mini-slot and PUCCH design discussions.
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Figure 2. Basic DL, bi-directional, and UL slot types.

From the contention based channel access viewpoint it is important that eNB or UE can swiftly occupy channel once the channel has been assessed to be vacant. On other hand, it is attractive that benefits of frame based access, including efficient multiplexing of UL transmissions as well as periodic signals, can be maintained also on unlicensed band operation. The benefits are even clearer, e.g. in terms of control signal timing, when unlicensed band operation is tightly coupled with a licensed carrier as in the case of licensed assisted access.

Mini-slot presents efficient way to reduce the latency from assessing the channel being vacant to actual start of transmission as discussed in [3]. Of course, the latency reduction comes with the price of increased control channel blind decoding burden on the UE side, and reasonable trade-off between the control channel decoding burden and more frequent transmission starting positions is needed. The benefit from more frequent transmission starting positions can be expected to be reasonable with smaller subcarrier spacing like 15 kHz. Further, the mini-slot can be expected to be more beneficial for efficient channel access if the mini-slot design supports variable mini-slot length and flexible starting position. 

Observation #1 Mini-slot with design supporting variable length and flexible starting position can enhance NR channel access on unlicensed band. 

UL control signal transmissions over unlicensed spectrum is needed to support dual-connectivity or stand-alone operation based on unlicensed band. Hence the baseline UL control channel design should be able to fulfil the unlicensed band regulatory requirements on the channel access mechanism, maximum transmission PSD as well as on channel occupancy BW as otherwise considerable changes to UL control channel signalling may be needed when unlicensed operation is introduced to NR as discussed in [4].   
· It should be possible to have a LBT gap preceding PUCCH, which requires special attention on UL-only and bi-directional UL slots for UEs transmitting only UL control signal without any UL data. This calls for PUCCH design flexibility in time.
· Maximum PSD limitations can significantly limit the UE transmission power and, hence, coverage for UL control channel occupying only a subband of the entire system BW. On other hand, it should be ensured that a wideband PUCCH does not waste resources unnecessarily but should support efficient multiplexing of different UEs, channels or signals by FDM and/or CDM. This calls for PUCCH design flexibility and scalability both in time and frequency.

Observation #2: Unlicensed band operation requires flexible and scalable PUCCH design both in frequency and time.
3.3	Coexistence scenarios for wideband operation 
Comprehensive coexistence studies have been carried out during LTE LAA Rel-13/14 studies especially for 5GHz unlicensed band. Based on the work, LBT procedures defined for LTE LAA ensure fair co-existence with other radio systems such as Wi-Fi. It makes sense to utilize functionalities, such as LBT procedures developed for LTE LAA, as much as possible especially in the NR design considered for 5GHz unlicensed band operation.  
In LTE LAA, carrier aggregation is used as a mechanism to increase the bandwidth beyond 20 MHz. In these scenarios, separate LBT is applied in each carrier. Wideband operation with carrier bandwidth larger than 20 MHz creates a new scenario for LBT. Hence, there is a need to extend the existing LBT framework to cover also scenario with wideband carriers.
Observation #3: LBT solution for wider than 20 MHz carrier BW is needed
Wideband carrier in unlicensed band scenarios requires specific consideration in UL side. For example, all UL channels need to take into account existing regulation related to occupied bandwidth and maximum EIRP. With wideband carrier, wideband UL transmission is needed to meet the occupied bandwidth requirement. This may lead to reduced power spectral density and challenges on channel estimation and demodulation. Hence, it may be a challenge to achieve sufficient UL coverage for uplink control information, provided that transmission is distributed over the entire carrier bandwidth. 

Observation #4: Uplink coverage is a potential challenge with wideband transmissions in unlicensed band
4	Conclusions
In this contribution we have discussed scenarios, requirements and technical solutions behind wireless relay inbuilt/integrated in the NR design. Based on the discussion, we make the following proposals and observations:

Proposal #1: Consider all deployment scenarios foreseen for unlicensed band operation in NR
Proposal #2: Consider both 5GHz and 60GHz bands as potential scenarios for unlicensed band operation in NR 
Proposal #3: Unlicensed band operation needs to be considered as a scenario for scalable NR numerology   
Observation #1 Mini-slot with design supporting variable length and flexible starting position can enhance NR channel access on unlicensed band. 

Observation #2: Unlicensed band operation requires flexible and scalable PUCCH design both in frequency and time.
Observation #3: LBT solution for wider than 20 MHz carrier BW is needed
Observation #4: Uplink coverage is a potential challenge with wideband transmissions in unlicensed band.
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