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1 Introduction

NR access technology will cover a broad range of use cases including eMBB, mMTC and critical MTC. The new RAT will consider frequency ranges up to 100 GHz. Support by NR for license-assisted operations in unlicensed bands is one of the objectives to be studied during the R14 SI [1]. Support of NR standalone operation in unlicensed bands is FFS.
In RAN2#93bis and RAN2#94, initial discussions took place on how to support NR in unlicensed bands.
One question to be addressed for the R14 SI NR is if any special design consideration need to be given to support NR in unlicensed bands. In this context, it is important to consider the new L1 design features we expect to be introduced for NR for operation in paired and unpaired licensed bands  and if it will be easier to adopt NR for unlicensed operation than this was the case for LTE.

This contribution discusses the deployment and operational scenarios for NR license-assisted operation in unlicensed bands to be supported in future NR Phase I specifications. It discusses lessons learned from R13 and R14 LTE (e)LAA design. It also reviews some of the key NR design features and how these will impact support for NR unlicensed band operation when compared to the LTE case.
2 Discussion
Unlicensed bands are currently available in 5 GHz (ex: IEEE 802.11n/ac) and around 60 GHz (ex: IEEE 802.11ad). Operation in unlicensed bands is subject to regulatory limits for allowed PSD and Tx power. In addition there are minimum bandwidth occupancy requirements. For some subbands there are DFS and radar detection requirements. Most importantly, the need and guarantee for fair coexistence performance with respect to any incumbent radio technology de-facto results in the requirement to also support a Listen-Before-Talk (LBT) carrier-sensing based channel access protocol in these unlicensed bands.

The radio design and the channel access protocol will differ significantly when comparing unlicensed operation in 5 and 60 GHz bands due to very different RF and propagation characteristics. An LBT channel access protocol using the simplified assumption of omnidirectional antenna reception and reciprocal CCA listening ranges can be used for 5 GHz unlicensed operation. In consequence, LBT preceding every packet exchange sequence is a possibility in 5 GHz unlicensed bands. The same is not as easily possible anymore in the 60 GHz unlicensed bands due to the highly directive nature of transmissions from mmWave APs to client devices and vice versa. It can be expected that NR in mmWave bands will rely heavily on high-gain beamforming antennas and therefore transmissions will be highly directional. Similar to the observed differences between 802.11ac and 802.11ad, coordinated channel access periods may become necessary for NR operation in the 60 GHz unlicensed band where transmitters toggle between low data-rate omni-beam sweeping intervals and high data-rate access grant intervals. This difference exists even if the basic underlying LBT design requirement is the same. As a result, the channel access protocol design for NR when comparing unlicensed operation in the 5 GHz and 60 GHz bands will be different, i.e. more complex for the 60 GHz unlicensed band.

It makes sense to consider a prioritization of unlicensed support with NR, i.e. it is easier and less complex using established LTE (e)LAA principles to support 5 GHz unlicensed operation with NR, therefore this should be the first target for the Phase I work item.
Observation 1:   NR unlicensed operation in 5 GHz and 60 GHz bands will result in different channel access protocol designs.

Proposal 1:   NR unlicensed operation should first target support for the 5 GHz unlicensed band in Phase I.

Access to unlicensed spectrum is key to achieve attractive data rates in particular to support the eMBB use case. However, wireless technology operating in unlicensed bands has also been very successfully adopted to other use cases such as machine-communication and factory automation types of applications.

Due to reduced reliability and less predictability in terms of achievable data throughput and packet delivery latency, it will not be possible that unlicensed spectrum can fully substitute for licensed spectrum. Unlicensed spectrum complements licensed bands but cannot guarantee the same QoS. It therefore doesn’t seems necessary to assume that the set of URLLC use cases requiring extremely low latency and/or extremely high packet delivery reliability are of immediate relevance to NR unlicensed operation. It is also worth noting that factory automation type use cases in practice become commercially unviable if access to licensed spectrum is needed in order to deploy the wireless system.

Observation 2:  NR unlicensed operation may require support for standalone operation for certain use cases like factory automation in order for these to be commercially viable.

Proposal 2:    NR unlicensed operation should target efficient support for eMBB and non-delay sensitive MTC-type use cases with first priority.
LTE introduced DL LAA operation in R13 and support for UL LAA operation is being introduced in R14. LTE LAA assumes R10 / R11 carrier aggregation as far as network architecture and functional protocol split is concerned. LAA operation with dual-connectivity is not yet supported, but may be expected in the near future. There is currently no support for LAA standalone operation with LTE in the 5 GHz unlicensed band.

In our view, efficient support for dual-connectivity type deployments for NR unlicensed operation is key to deployment flexibility.
When considering LTE LAA, there are several particular design challenges to overcome in order to enable dual-connectivity support. One of them is the assumption that coarse LAA SCell timing and frequency lock can be inferred and tracked from the LTE licensed band PCell by the UE. Another one is flexible UCI handling on the LAA SCell due to UL LBT which is challenging with the legacy synchronous A/N timing protocol inherent to LTE. An additional required design change is the need to design a low-overhead UL control channel to satisfy PSD requirements, i.e. similar to R14 interlaced PUSCH operation. 

The magnitude of required changes when adopting the LTE licensed band design to the particular needs of 5 GHz unlicensed operation in (e)LAA will not be the same for NR. Assuming in-built support for self-contained and configurable A/N in the NR DL and UL transmission intervals and with better support for asynchronous system acquisition to reduce the DL overhead in the NR, we think it will be significantly easier to adopt NR for unlicensed operation that this was the case for LTE previously.
Observation 3: It can be expected that NR design will result in significantly less design constraints to   natively support dual-connectivity for unlicensed operation than this was the case for LTE.

Proposal 3:    NR unlicensed operation should natively support dual-connectivity.

It is also worthwhile to consider whether it is necessary to support NR unlicensed operation in arbitrary RAT PCell/SCell combinations in Phase I. In fact, we think that it is more important to have a solution in place that initially allows deployment of NR unlicensed SCell(s) in conjunction with an LTE PCell. Similar to what was observed in the case of initial 3G then 4G rollouts, it is clear that availability of high-capacity and very high-throughput NR small cells, such as exemplified by NR unlicensed SCells is a key feature to attract user interest in 5G. LTE may be assumed to provide wide area coverage for a significant amount of time to come and will be available to provide PCell coverage. Therefore, NR unlicensed SCell(s) should at least not initially require that an NR PCell is available.
Observation 4:   NR unlicensed operation is of particular high interest in initial 5G small cell deployments.

Proposal 4:
NR unlicensed operation should be supported within the tight interworking framework (i.e. NR unlicensed SCell(s) + LTE licensed band PCell and not require presence of a licensed band NR PCell).

Independent from any consideration regarding NR operation in unlicensed bands, NR will require the introduction of a scalable and flexible OFDM numerology in order to handle a wide range of carrier frequencies. This will automatically result in a much better granularity in time-domain for NR than possible with LTE. Support for smaller TTIs and larger component carrier bandwidths in NR will result in typically shorter OFDM symbol lengths. Similarly, the use of flexible DL and UL transmission intervals rather than fixed, synchronized and static 1 ms TTI intervals such as in LTE will greatly reduce the complexity and protocol design constraints associated with HARQ A/N handling.

All these NR design features will be of great benefit when adopting NR for unlicensed operation. In fact, we think that due to these features, it will be easier to adopt NR to operation in unlicensed bands than with LTE and this can be handled in discussions on the NR numerology and frame structure. 

It may also be worthwhile to consider that the fundamental design of DL and UL LBT Cat 4 and the single 25 µs CCA UL option as channel access schemes can be expected to remain the same when comparing LTE and NR. The choice and dimensioning of the initial channel access and defer periods, i.e. the LBT Cat 4 protocol for all 4 LBT access classes is mainly driven by coexistence considerations with IEEE 802.11 channel access and not so much by the LTE numerology. Some differences may be expected between NR and LTE in areas such as multi-channel operation or setting of the contention windows. This however can be handled during Stage 3 design.
Observation 5:  NR scalable and flexible OFDM numerology and flexible DL and UL transmission intervals will natively result in higher adaptability for NR unlicensed operation than possible with LTE.
Proposal 5:

Support for NR unlicensed operation in L1 and MAC can be handled during Stage 3 design in the Phase I WI.

3 Conclusion

In this contribution, we provide our views regarding deployment and operational scenarios for NR license-assisted operation in unlicensed bands to be supported in future NR Phase I specifications. We discuss lessons learned from R13 and R14 LTE (e)LAA design. We also review some of the key NR design features and how these will impact NR support for unlicensed band operation when compared to LTE.
In summary our observations are:
Observation 1:  NR unlicensed operation in 5 GHz and 60 GHz bands will result in different channel access protocol designs.

Observation 2: 
NR unlicensed operation may require support for standalone operation for certain use cases like factory automation in order for these to be commercially viable.

Observation 3: It can be expected that NR design will result in significantly less design constraints to   natively support dual-connectivity for unlicensed operation than this was the case for LTE.

Observation 4:  
NR unlicensed operation is of particular high interest in initial 5G small cell deployments.

Observation 5:  NR scalable and flexible OFDM numerology and flexible DL and UL transmission intervals will natively result in higher adaptability for NR unlicensed operation than possible with LTE.
As a result of the above observations the following proposals are made:
Proposal 1:   
NR unlicensed operation should first target support for the 5 GHz unlicensed band in Phase I.

Proposal 2: 
NR unlicensed operation should target efficient support for eMBB and non-delay sensitive MTC-type use cases with first priority.

Proposal 3:
NR unlicensed operation should natively support dual-connectivity.

Proposal 4:
NR unlicensed operation should be supported within the tight interworking framework (i.e. NR unlicensed SCell(s) + LTE licensed band PCell and not require presence of a licensed band NR PCell).

Proposal 5:

Support for NR unlicensed operation in L1 and MAC can be handled during Stage 3 design in the Phase I WI.
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