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1 Introduction

RAN#71 in March 2016 approved the New RAT SID [1].  One of the important objectives agreed as part of New RAT SID is to study and identify the license assisted operations in unlicensed band. In this contribution, we intend to investigate the considerations and operational aspects of New RAT on unlicensed bands.
The relevant objectives pertaining to unlicensed band as listed in the approved New RAT SI are:
(1) Target a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 including
· Enhanced mobile broadband

· Massive machine-type-communications
· Ultra reliable and low latency communications 

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

· …
· Operation in licensed bands (paired and unpaired), and licensed assisted operations in unlicensed bands

· [Standalone operation in unlicensed bands is FFS]

· …
· Stand alone operation in licensed bands
2 Considerations for Unlicensed Bands Supports in New RAT
2.1 Services and Deployment Scenarios
eMBB is expected to be one of the most vital service and in order to meet the target of providing 100Mbps to 1Gbps cell edge data rates for taking the user experience to an exceedingly consistent level, a vast amount of spectrum is required besides other advancements. Some of the services under the umbrella of eMBB do not have very strict QoS requirements (eg. Non-real time services like offline streaming, ftp etc.). In this regard, for a holistic utilization of the spectrum we propose to utilize the unlicensed bands to the fullest by incorporating the unlicensed spectrum as an integral part which can be best suited for catering to such services. Due consideration should be given to the system design such that the support for unlicensed is built-in from scratch rather than as an addendum.
mMTC is expected to play a key role in the creation of the large scale vertical markets for 3GPP. The kind of services envisaged for mMTC are largely time tolerant, low data rate services (e.g. weather sensors etc.). The unlicensed spectrum is inherently best suited for operation of such services. We foresee that a significant proportion of mMTC services can be reasonably supported by the unlicensed spectrum.
URLL communications usage is typically composed of services that have strict reliability and/or timing constraints. Such services are inherently a best match for a suitably designed system that operates on licensed spectrum. Naturally, the unlicensed spectrum is not suited for these services, however in certain usage scenarios where the deployment conditions result in a ‘largely interference free’ environment, the possibility of usage of unlicensed spectrum can still be explored.
Observation 1: In view of the suitability of the unlicensed spectrum for eMBB and mMTC usage scenarios, it is imperative that unlicensed band operation should form an integral part of 5G system.
Motivated by the similar philosophy as in Rel-13/14 (e)LAA, unlicensed operations in NR (New RAT) should be based on the licensed assisted manner. However considering the exceedingly large suitability of unlicensed spectrum for the eMBB and mMTC usage scenarios, the flexibility and scalability of unlicensed deployments should be further explored in order to perpetuate a much higher degree of usage of the unlicensed spectrum. One such deployment that needs to be considered is Dual Connectivity (DC) based deployment where a NR Macro eNB (licensed) and a NR Secondary eNB (which has at least one unlicensed cell) are located in different locations and connected via non-ideal backhaul. Another possible deployment model is LTE-NR Aggregation where a LTE eNB and a NR eNB (having at least one unlicensed cell or no licensed cell) are aggregated at a RAN level for the utilization of the unlicensed bands. Yet another deployment model is LTE-NR Interworking which can be more suited for a graceful migration and easy deployment. The NR SeNB is connected to LTE Network through a gateway thereby resulting in a loose coordination.
Proposal 1: In addition to the legacy deployment model, the DC and the LTE-NR Aggregation should also be further explored for operations of 5G unlicensed. The LTE-NR Interworking models should also be considered for smooth migration.
2.2 Spectrum Aspects
We investigate potential unlicensed spectrums for study of unlicensed operations in NR. 5 GHz ISM band (5.725 to 5.85 GHz) has been already a representative spectrum in Rel-13/14 LAA/eLAA and other RATs such as WiFi. LBT scheme should be complied with at least European and Japanese regulations. In above 6 GHz, 60 GHz is well known unlicensed band which is supported by IEEE802.11 solution such as 802.11ad. Spectrums from 57 to 66 GHz are allocated globally, but not all channels are available in all countries. Since higher frequency reuse by the virtue of low transmission power and higher path loss, LBT is not a mandatory scheme for coexistence. Newly raised US 3.5 GHz, so called CBRS (Citizens Broadband Radio Service) band, has three-tier sharing framework in licensed shared access (LSA) regime. Those 3 tiers are incumbent access (IA), priority access (PA), and general authorized access (GAA). Among those tiers, GAA has a rule-based sharing within the same GAA users. The rule-based sharing can be designed similar with access scheme like LBT in unlicensed bands.
Observation 2: All types of unlicensed regulations such as fully unlicensed, LSA etc. should be explored for a holistic New RAT framework for operation in unlicensed spectrum.
2.3 Operational Aspects
According to the requirements for extended services such as eMBB, mMTC, and URLL communications, and various deployment scenarios including DC, LTE-NR Aggregation and LTE-NR Interworking, system design impacts from operational features in unlicensed bands should be taken into account. From the operation perspectives, RRC-specific and MAC-specific issues should be investigated. RRC-specific operations for instance deal with cell discovery, initial access, cell (re)selection/switching, connection (re)establishment, mobility supports, paging, or etc. MAC-specific operations for example, include random access, channel measurement, scheduling, HARQ, DRX, etc. The in-deterministic discontinuity in the unlicensed channel availability results in the breakdown of most of the deterministic or periodic procedures that a conventional cellular system is built upon considering the always present nature of the licensed spectrum. The design of the New RAT should consider this basic characteristic of operation on unlicensed band. Further both the downlink and uplink operations should be investigated to meet required performance metrics on unlicensed bands subject to channel discontinuity. In addition, sidelink may be considered further if the necessity of sidelink in unlicensed carrier is identified. To deal with various deployments, intra-PLMN as well as inter-PLMN scenarios should also be taken into account for higher frequency reuse gain.
Proposal 2: RAN2 is requested to ensure that the new RAT design (for RRC & MAC) considers the in-deterministic discontinuity in the unlicensed channel availability as one of the essential design element.
Proposal 3: RAN2 is requested to investigate both the downlink and uplink operations jointly for unlicensed operations.

Proposal 4: RAN2 is further requested to analyse the need for unlicensed operation on sidelink.
3 Conclusion

Based on the identified observations and conclusions, we propose the followings:

Observation 1: In view of the suitability of the unlicensed spectrum for eMBB and mMTC usage scenarios, it is imperative that unlicensed band operation should form an integral part of 5G system.

Observation 2: All types of unlicensed regulations such as fully unlicensed, LSA etc. should be explored for a holistic New RAT framework for operation in unlicensed spectrum.
Proposal 1: In addition to the legacy deployment model, the DC and the LTE-NR Aggregation should also be further explored for operations of 5G unlicensed. The LTE-NR Interworking models should also be considered for smooth migration.

Proposal 2: RAN2 is requested to ensure that the new RAT design (for RRC & MAC) considers the in-deterministic discontinuity in the unlicensed channel availability as one of the essential design element.

Proposal 3: RAN2 is requested to investigate both the downlink and uplink operations jointly for unlicensed operations.

Proposal 4: RAN2 is further requested to analyse the need for unlicensed operation on sidelink.
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