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1 Introduction
The overall target of SID [1] is developing a single technical framework for NR access technology addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913, including enhanced mobile broadband (eMBB), massive machine-type-communication (mMTC), and ultra-reliable low-latency communications (URLLC). NR should be able to support operation in all spectrum bands including licensed spectrum and unlicensed spectrum. In previous 3GPP RAN1 meetings, some issues of NR operation in unlicensed spectrum were further discussed and concluded. Relevant information is as follows [1-4],
SID RP-160671:

· Study and identify the technical features necessary to enable the new radio access to meet objective 1 and 2, also including:

· Tight interworking between the new RAT and LTE 

· Interworking with non-3GPP systems
· Operation in licensed bands (paired and unpaired), and licensed assisted operations in unlicensed bands
· [Standalone operation in unlicensed bands is FFS]

RAN1 #84bis Agreements:
· Study frame structure(s) supporting at least 

· FDD/TDD duplex arrangement, etc.
· Licensed-assisted operation in unlicensed band
RAN1 #85 Agreements:
· NR should support of flexible NW and UE channel bandwidth
· FFS: NR carrier bandwidth should consider to allow efficient unlicensed spectrum access
RAN1 #86 Agreements:
· RAN1 should strive for a common framework, including for example structure of synchronization signals, for initial access
· More specifically, especially within a group of frequency bands in the frequency range, RAN1 should strive for an unified framework covering

· Single beam based and multi-beam based deployments

· TDD and FDD operations

· Different/mixed numerologies

· Standalone and non-standalone operations
· Licensed band and unlicensed band operations
· FFS: mMTC use case
In this contribution, we discuss requirements, diverse usage scenarios, operation modes and some design considerations for NR operation in unlicensed spectrum.

2 The requirements of NR operated in unlicensed spectrum
2.1 Unlicensed bands in NR
The global regulatory rules aims for NR to be capable of utilizing any spectrum made available in the band ranging at least up to 100 GHz. Harmonization of frequency bands for unlicensed spectrum includes 60 GHz. The United States Government through the FCC has already provided new rules for NR operations for 7 GHz of unlicensed spectrum in frequencies above 24 GHz. More precisely, the FCC has authorized 7 GHz more of unlicensed spectrum to provide operations in the 64-71 GHz unlicensed band [5]. The Japanese and Korean Governments are planning to allocate 7 GHz as well, the Chinese Government is planning to allocate 5 GHz and as much as 9 GHz is being planned to be allocated within Europe. The use of unlicensed spectrum in NR is a significant leverage because it is one of the features that are necessary to enable the NR to meet the usage scenarios of enhanced mobile broadband (eMBB), massive machine-type-communication (mMTC), and ultra-reliable and low-latency communication (URLLC).
Observation 1: The United States have acted quickly to start the harmonization of frequency bands for unlicensed spectrum in NR on a global basis to meet the highly usage scenarios of eMBB, mMTC, and URLLC.
2.2 Regulatory requirements

NR design in unlicensed spectrum should target fair and friendly coexistence with existing systems (e.g. WiFi/LAA/Radar) and intra-system services. To satisfy fair coexistence target, NR should have basic functionalities and fulfill regulatory requirements as following:

· LBT (CCA): The listen-before-talk (LBT) procedure is a mechanism by which NR equipment applies a clear channel assessment (CCA) check before using the channel. The CCA utilizes at least energy detection to determine the presence or absence of other signals on the channel in order to determine if the channel is occupied or clear, respectively.
· DFS: Dynamic Frequency Selection (DFS) functionality is used to avoid interfering with 5/60 GHz radar systems, as well as uniformly spread the traffic load across all available channels. Whenever radar signals are detected, the NR service must switch to another channel to avoid interference.
· FR: The Frequency Reuse (FR) process allows the reusing of the same carrier at the same time. In general, if a device is accessing the carrier, then other devices in the vicinity should be muted in this carrier. They cannot reuse this carrier at the same time. This will reduce frequency reusing factor. The FR mechanism between NR devices should be considered. It can enable neighbouring NR devices to reuse the same carrier at the same time, which increases spectral efficiency. 
· MCOT: In unlicensed spectrum, channel availibility cannot always be guaranteed. In addition, certain regions such as Europe and Japan prohibit continuous transmission and impose limits on the Maximum Channel Occupancy Time (MCOT) in the unlicensed spectrum. In ETSI specification [6], the COT of Frame Based Equipment (FBE) shall be in the range 1 ms to 10 ms. In Japan, the MCOT shall be less than 4ms. NR should deal with the relationship between longer TTI/COT and MCOT limitation.
· OCB: According to ETSI regulation in 5 GHz band, the Occupied Channel Bandwidth (OCB), 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 (NCB).
· Maximum EIRP and PSD: For candidate 5GHz band, the maximum mean Equivalent Isotropically Radiated Power (EIRP) & Power Spectral Density (PSD) are limited to 200 mW & 10 mW/MHz in 5150~5350MHz for indoor typically in ETSI EN 301 893 [6]. In 60 GHz band, maximum EIRP range from 40 dBm to and 47 dBm according to different countries/regions regulations.
Further, the overall LTE design principles for LAA operation in unlicensed band comprised of integration with the licensed spectrum, which had an objective of the guarantee of fair co-existence with other systems using unlicensed spectrum, such as WiFi. An in-depth study of LBT mechanism in LTE was made to satisfy this objective. Hence, LBT procedures and solutions in LTE can be used as the baseline for NR research. But some enhancements may be needed for wideband (wider than 20 MHz) and high frequency (60 GHz band) transmission.
With the limitation of maximum EIRP and PSD, for narrow band, the maximum transmission power is limited due to its PSD should be less than or equal to 10mW/MHz. For wide band, the maximum PSD is limited due to its transmission power should be less than or equal to 200mW. Therefore, the challenge is how to solve the bandwidth and PSD problems related to LBT mechanisms for wider than 20 MHz carrier BW.
Proposal 1: NR operated in unlicensed spectrum should have basic functionalities and fulfill regulatory requirements as following:
· Basic functionalities: LBT/CCA, DFS, Frequency Reuse
· Regulatory requirements: MCOT, OCB, Maximum EIRP &PSD
3 Diverse usage scenarios deployed in unlicensed spectrum
The overall target of NR is to satisfy different requirements of diverse usage scenarios, e.g. eMBB, mMTC, and URLLC. And to meet objectives in SID, NR should be able to support operation in all spectrum bands including licensed spectrum and unlicensed spectrum. We analyze the possibilities and issues of above usage scenarios applied in unlicensed spectrum as following.
· eMBB operated in unlicensed spectrum 
eMBB can in many cases be served very well with a somewhat long transmission duration, at least when transferring larger object. eMBB should ensure the throughput and efficiency with regular subcarrier spacing and subframe length. The scaling down of TTI and subframe can reduce the latency for eMBB if NR adopts wider subcarrier spacing(s). 

Compared with mMTC and URLLC, undoubtedly, eMBB operated in unlicensed spectrum is a usage case that is most easy to utilize the existing (e)LAA mechanism. But it also faces many problems to be solved to match new numerology and frame structure, including LBT operation to satisfy regulatory requirements, low scheduling/HARQ feedback delay, wider subcarrier spacing with shorter OFDM symbols, total transmit power and PSD, dynamic TTI size, wideband and HF transmission, flexible gap size and possibly CCA sensing, flexible DL/UL transmission within a burst, etc.
· mMTC operated in unlicensed spectrum
The target KPI of mMTC is extended coverage, low energy consumption, and massive number of devices. The air interface design for mMTC would require long TTI (or subframe bundling) for coverage extension and low power spectral density (PSD) for energy saving.
If deploying mMTC in unlicensed spectrum, the eNB/UE can perform a successful CCA more easily on a relative narrowband. Besides, the system performance may not be influenced heavily even by CCA failure considering the mMTC may using the repetition mechanism. However, some technical issues should still be considered in addition to most of the problems mentioned in the above eMBB, e.g. mMTC data transmission may be frequently interrupted due to longer TTI of mMTC and shorter MCOT regulation restrict in unlicensed spectrum, and design a method to increase the success probability of CCA for energy saving, and so on.
· URLLC operated in unlicensed spectrum 
To satisfy the latency requirements of 0.5 ms user plane for URLLC, the TTL length should be extremely short URLLC requires larger subcarrier spacing (e.g. 60 kHz) and shorter subframe (e.g. 0.25 ms) for short latency. For URLLC multiplexing a more dynamic sharing of resources maybe needed, where URLLC may require wide bandwidths and short scheduling latency in order to support critical control services. 

The URLLC services with ultra low latency may not be suitable to transmit in unlicensed spectrum due to LBT/CCA time/result restrict. Therefore, firstly we need to distinguish the key requirement of some URLLC service is ultra reliable or low latency. Furthermore, Re-designing the LBT/CCA process (but may be limited due to fairness coexistence and regulation requirements), increasing the success probability of LBT/CCA, and shortening scheduling latency should be considered. In short, URLLC is a sub-priority usage scenario deploying in unlicensed spectrum, which faces more challenges compared with eMBB and mMTC.
Observation 2: eMBB and mMTC have priority to be deployed in unlicensed spectrum over other usage scenarios e.g. URLLC.
4 NR operation modes in unlicensed spectrum

Within Rel-13 and Rel-14, 3GPP defined a DL & UL design of Licensed-Assisted Access (LAA and eLAA) to utilize LTE in unlicensed spectrum based on Carrier Aggregation (CA), where a PCell using licensed spectrum, to deliver critical information and guaranteed Quality of service, and one or more low power SCells operate in unlicensed spectrum. Fair coexistence between LTE and other technologies such as WiFi as well as between LTE operators was seen as necessary. LAA/eLAA has been defined as an enabler for efficient use of unlicensed spectrum as supplemental to licensed spectrum, which has the potential to bring immense value to service providers. Therefore, CA based LAA operation mode can be a starting point for supporting NR operation in unlicensed spectrum.

However, as we know, CA-based NR operation will have strict deployment requirements, and can only be used in co-located or ideal backhaul connection scenarios. However, in many cases where a large number of RRHs deployed to cover a hotspot, the ideal backhaul connection is not always available. It is not suitable for scenarios with a large number of connections for its prohibitive high cost and impractical infrastructure construction difficulty. To allow for more deployment scenarios for NR, it is also important to give the support of dual connectivity (DC) operation in unlicensed spectrum during NR design phase. DC based NR allows the ability to deploy unlicensed cells in a way that is unconstrained by the topology of the licensed part. 

Compared to CA/DC based NR operation in unlicensed spectrum, standalone operation has more flexibility and lower cost of the network deployment, enables more UEs to benefit from offloading to unlicensed spectrum, and can be applied to more scenarios e.g. without any backhaul link in non-co-located scenarios，especially in isolated environments and remote areas. For NR access technology, one important objective is to satisfy the diverse requirements of different use cases. If some use cases (e.g. mMTC, NB-IoT, or V2X/D2D/Sidelink) are adopting standalone operation mode in unlicensed spectrum, the NR network deployment can be effortless and more flexible. 

Taking into account the time constraints of Phase I and the standardization complexity of DC-based/Standalone operation, we are more inclined to give priority to the standardization of CA based NR operation in unlicensed spectrum in Phase I. 
Proposal 2: Taking into account the time constraints, 3GPP should give priority to the standardization of CA based NR operation in unlicensed spectrum in NR Phase I.  
Proposal 3: (e)LAA can be the starting point for supporting NR operation in unlicensed spectrum. 

Proposal 4: Forward compatibility related to DC-based/Standalone NR operation in unlicensed spectrum should be taken into account so that allow for introducing them in the later stages.
5 NR design considerations in unlicensed spectrum

5.1 Minimization of reservation signal with flexible TTI size setting
In Rel-13 LAA, the eNB can only start transmission at slot boundaries (symbol 0/7). The reservation signal is transmitted before the DL transmission start position, i.e., the slot boundary, to reserve the carrier and prevent other devices from occupying the spectrum, which will result in resource waste and degradation of LAA system. Consequently, the reservation signal length should be reduced to a minimum.

Flexible TTI size can be utilized to minimize the reservation signal length. The NR eNB or UE should be able to send DL/UL TX burst as soon as possible whenever it finishes LBT/CCA, resulting in dynamic TTI size. As illustrated in Figure 1, the eNB can choose the type of first TTI based on LBT/CCA success location and TTI boundary (e.g. 0.125/0.25/0.5ms or a combination of them), and then select the type of following TTIs with a larger size (e.g. 1ms). The type of last TTI is chose according to MCOT restriction and the time which has been already occupied.

Proposal 5: Flexible TTI size configuration can be considered to minimize reservation signal and improve spectrum efficiency.

[image: image1.emf]MCOT

CCA success location

TTI type 0

TTI type 2 TTI type 1

Minimization of initial signal


Figure 1: minimization of reservation signal with flexible TTI size setting
5.2 Resource allocation

For unlicensed band operation to meet the NR usage scenarios target performances, having flexible resource allocation is well motivated. Hence, it’s suggested that NR support flexible resource allocation for unlicensed spectrum. From our observation, a different reservation signal method from LTE should be considered in regards to the resource allocation for unlicensed spectrum in NR. One type of sensing operation that could be considered is a resource reservation signal that has a type of allocation coding with a set of flexible sensing operation window intervals, which allows the eNB to transmit a resource reservation signal for channel reservation purposes. The equipment would transmit a resource reservation signal for reservation channels on which availability of their associated subframe is coded as illustrated in Figure 2.
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Figure 2: Example of a sensing operation for unlicensed spectrum in NR

Proposal 6: The resource allocation for unlicensed spectrum in NR should support a resource reservation signal that has a type of allocation coding with a set of flexible sensing operation window intervals
5.3 Grant-free access
Compared with the grant-based access, autonomous/grant-free or grant-less is more desirable for NR thanks to the following advantages: energy efficient on UE side, very low cost/complexity with UE design, reduced signalling overhead and transmission latency. However, take the grant-free access as example, eNB cannot schedule the T/F resources for each of the UEs through the transmission of downlink control information. Therefore, the data of multiple users will be superposed together when different users randomly choose the same resource blocks for the uplink transmission at the same time. This phenomenon will be quite common for the grant-free cases especially in mMTC scenario.
The non-orthogonal multiple access (NO-MA) and successive interference cancellation (SIC) receiver can solver the problem of multi-user detection (MUD) of superposed data to some extent. However, the performance of NO-MA usually relies on the power difference of multiple users and the spreading code sequences. Further, if the number of UEs with superposed data in the same T/F resources exceeds the limitations of the overloading capability of NO-MA, the MUD performance will be a sharp decline. To reduce collision probability, limit overloading factor, and improve the performance of MUD, one possible solution is to assign a LBT sensing interval for each UE in licensed, unlicensed and shared spectrum scenarios [7].  Reasonable LBT threshold and configurable subframe-structure can be considered.
Proposal 7: An LBT sensing interval can be introduced in NR subframe structure for UL transmission in licensed, unlicensed and shared spectrum scenarios.
5.4 High frequency

Use of unlicensed spectrum can be an attractive alternative for traffic offloading since unlicensed spectrum such as 60 GHz offers a large amount of contiguous bandwidth. Besides, the 60GHz unlicensed spectrum is currently not very crowed and there exists some highly directed point-to-point links for backhaul communication and a limited number of Wi-Fi deployments. Therefore, this spectrum can be used as a good candidate for data offloading and a new design and coexistence study with existing WiGig can be investigated.
Furthermore, in high frequency scenario (e.g. 60GHz band), beamforming technology is an important candidate transmission mechanism. Beamforming is advantageous to the performance improvement for the communication at high frequencies. As we know, high frequency uses narrow beam modes transmission message in order to make the signal energy concentration for target user. This feature will probably bring a serious hidden nodes problem because the narrow beam is difficult to detect by neighbour users. Besides, there are some new challenges to be considered for high frequency scenarios, e.g. DL/UL links are highly directional to compensate for the large path loss, current LBT for LAA was designed without consideration for highly directional DL/UL links. For more details refer to companion contribution [8]. 
Proposal 8: It is suggested that new channel access mechanism and the method of avoiding the hidden node for high frequency operate in unlicensed spectrum should be further studied.
6 Conclusion 
In this contribution, we discuss requirements, usage scenarios, operation modes and some design considerations for NR operation in unlicensed spectrum, and have the following observations and proposals:
Observation 1: The United States have acted quickly to start the harmonization of frequency bands for unlicensed spectrum in NR on a global basis to meet the highly usage scenarios of eMBB, mMTC, and URLLC.
Observation 2: eMBB and mMTC have priority to be deployed in unlicensed spectrum over other usage scenarios e.g. URLLC.
Proposal 1: NR operated in unlicensed spectrum should have basic functionalities and fulfill regulatory requirements as following:
· Basic functionalities: LBT/CCA, DFS, Frequency Reuse
· Regulatory requirements: MCOT, OCB, Maximum EIRP &PSD
Proposal 2: Taking into account the time constraints, 3GPP should give priority to the standardization of CA based NR operation in unlicensed spectrum in NR Phase I.  
Proposal 3: (e)LAA can be the starting point for supporting NR operation in unlicensed spectrum. 

Proposal 4: Forward compatibility related to DC-based/Standalone NR operation in unlicensed spectrum should be taken into account so that allow for introducing them in the later stages.
Proposal 5: Flexible TTI size configuration can be considered to minimize reservation signal and improve spectrum efficiency.
Proposal 6: The resource allocation for unlicensed spectrum in NR should support a resource reservation signal that has a type of allocation coding with a set of flexible sensing operation window intervals.
Proposal 7: An LBT sensing interval can be introduced in NR subframe structure for UL transmission in licensed, unlicensed and shared spectrum scenarios.
Proposal 8: It is suggested that new channel access mechanism and the method of avoiding the hidden node for high frequency operate in unlicensed spectrum should be further studied.
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