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1 Introduction

A Study Item on NR-based access to unlicensed spectrum [1] was approved at RAN#75 and discussions started in RAN1#92. The study is expected to explore design options to support use of NR in unlicensed spectrum in various deployment scenarios and unlicensed bands ranging from below 6 GHz to 52.6 GHz and beyond. The design is expected to inherit the basic physical layer framework of NR in terms of e.g. duplex mode, waveform, carrier bandwidth, subcarrier spacing and frame structure.
In this contribution we review the deployments scenarios considered in the study and the associated design implications.
2 Additional functionality for unlicensed operation
The following agreement was reached at RAN1#92:
	Study the additional functionality needed beyond the specifications for operation in licensed spectrum in the following deployment scenarios. 

· Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)

· NR-U SCell may have both DL and UL, or DL-only.

· Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)

· Stand-alone NR-U

· An NR cell with DL in unlicensed band and UL in licensed band

· Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)


The NR carrier aggregation scenarios are similar to the scenarios supported in LTE LAA from R13 to R15 and may have similar design implications. However, it should be noted that the basic NR framework already incorporates many features that had to be introduced for LTE, such as:

· More flexible timing for PDCCH, PDSCH and PUSCH (using non-slot based scheduling)
· No need for always-on signal to demodulate data

· Multi-slot allocations

Additional required functionality and enhancements for NR in the carrier aggregation scenario include:
· Listen-before-talk (LBT) if there is UL transmission, with parameterization depending on QoS requirements associated to the logical channel. Additionally, one should study how the functionality can take advantage of the higher bandwidth flexibility of NR brought by bandwidth parts, and how it can properly support operation with beamforming in higher frequency bands.
· Reference signals with flexible timing for RRM measurements similar to DRS in LTE.
· Enhancements to ensure compliance with occupied channel bandwidth (OCB) and maximum PSD requirements, such as interlaced transmission for PUSCH. Such enhancements are expected to mainly impact RAN1 specifications.
· Scheduling enhancements to minimize latency impact of operating on unlicensed carrier, similar to autonomous uplink transmission in LTE. Such autonomous uplink operation could be based on configured grant Type 1 and/or Type 2 operation. Additional details are provided in a companion contribution [2].
The LTE/NR-U dual connectivity scenario is expected to build on EN-DC operation supported in the first phase of R15. However, no licensed carrier is available to the NR-U MAC which means that the following enhancements are additionally required:
· Transmission of uplink control information (UCI) on the unlicensed carrier, at least for HARQ-ACK and possibly for SR.
· Random access on the unlicensed carrier. In particular, there is a strong motivation to support 2-steps operation in this case to avoid excessive latency due to LBT before each transmission. In addition, multiplexing msg1 and msg3 could help satisfy Ocuppied Channel Bandwidth (OCB) requirements. Additional details are provided in a companion contribution [2].
· Radio link monitoring on the unlicensed carrier. Enhancements are expected to be needed since supporting reference signals cannot be expected to be available periodically.

The NR/NR-U dual connectivity scenario will be based on NR DC operation supported in a later phase of R15 and requires the same enhancements as LTE/NR-U dual connectivity.
The Stand-alone NR-U scenario is expected to build on stand-alone operation to be supported in the second phase of R15 and requires all enhancements already mentioned in the two first scenarios. Additional enhancements may be considered to support idle mode functionalities such as paging and reception of system information, as supporting transmissions may not always be available. In addition, mobility within the unlicensed carrier needs to be supported.
3 Discussion

As the previous section highlights, there is some dependency between the minimum functionality that needs to be added and the scenario to be supported. However, it should be noted that enhancements such as enabling the transmission of UCI and RACH on the unlicensed carrier can bring significant benefits to the NR carrier aggregation scenario as well, as it would allow offloading of these transmissions to unlicensed spectrum. In addition, the scenario that has the most immediate market applicability may not correspond to the one that requires the fewest enhancements.
For these reasons, we think that the study should not focus only on the minimum enhancements required to support the simplest scenario (i.e. NR carrier aggregation) but consider all enhancements that may be beneficial to that scenario and that are anyway required to support the more demanding scenarios.
Proposal 1: NR-U Study considers LBT operation applicable to all frequency ranges.
Proposal 2: NR-U Study considers support of RRM measurements, mobility and radio link monitoring on unlicensed carrier.

Proposal 3: NR-U Study considers autonomous uplink transmissions.

Proposal 4: NR-U Study considers support of 2-steps RA procedure.

Proposal 5: NR-U Study considers transmission of UCI on unlicensed carrier. 

Proposal 6: NR-U Study considers support for paging and system information reception on unlicensed carrier.

4 Conclusion
This contribution presented an overview of the additional functionality that is expected to be required to support operation of NR in unlicensed spectrum for different scenarios. The following proposals are made:
Proposal 1: NR-U Study considers LBT operation applicable to all frequency ranges.
Proposal 2: NR-U Study considers support of RRM measurements, mobility and radio link monitoring on unlicensed carrier.

Proposal 3: NR-U Study considers autonomous uplink transmissions.

Proposal 4: NR-U Study considers support of 2-steps RA procedure.

Proposal 5: NR-U Study considers transmission of UCI on unlicensed carrier. 

Proposal 6: NR-U Study considers support for paging and system information reception on unlicensed carrier.

5 References

[1] RP-172021, “Study on NR-based Access to Unlicensed Spectrum”, Qualcomm.
[2] R2-1804825, “Scheduling enhancements for NR-based access to unlicensed spectrum”, InterDigital.

2/3


