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1. Introduction
The SID on NR-based Access to Unlicensed Spectrum [1] (NR-U) aims to identify and evaluate technical solutions for next generation wireless systems operating on both sub6 and above6 unlicensed bands. This contribution discusses the general aspects considered for NR-U operation.

2. 	General Design Considerations for NR-U SI
LAA/eLAA features and potential scopes in NR-U
In LTE specification, the access to unlicensed spectrum has been supported at SCell in CA deployment. Since PCell takes a role of anchoring UE, the features of LAA/eLAA are mainly about channel access and scheduling as following features & scopes:
· LTE-LAA features
· Channel access with LBT for DRS, PDCCH/PDSCH
· RSSI measurement
· Frequency reuse (by self-deferring & ED(Energy Detection) threshold adjustment)
· Frame structure 3 & partial starting/ending subframe
· LTE-eLAA features
· Channel access with LBT for PUSCH
· Multi-subframe scheduling
· Triggered scheduling
· LTE-feLAA scope (on working)
· Additional starting/ending subframe
· Autonomous UL
Some features such as partial subframe is already supported by current NR specification based on flexible numerology and scheduling/HARQ schemes. Some other features such as channel access schemes, multi-subframe scheduling and triggered scheduling can be inherited from LAA/eLAA without huge modification. In addition, autonomous UL working in feLAA can be referred for NR-U discussion on how to support the same based on current NR specification including the scheduled grant operation. From the RAN2 perspective, therefore, the similar functions for channel access and scheduling schemes will be designed in NR-U as well. RAN2 may follow up RAN1 progress and discuss some specific issues if needed.
Observation 1: Channel access and scheduling/HARQ schemes will be inherited from or modified based on LTE-LAA/eLAA specifications.
Comparing the conducted channel access and scheduling schemes, measurement mechanism including DRS, or CSI-RS is not fully optimized subject to uncertainty of LBT nature. Even though UE-reported RSSI measurement may be helpful to a long-term hidden node problem, a short-term hidden node problem is not easily resolved at now. These kind of dynamic LBT outcomes lead to CSI mismatch. Mismatch of CSI report and actual acquired channel quality is incurring the conservative MCS selection and potential low data throughput. Frequency reuse scheme may increase concurrent transmission which is the main benefit of cellular system, but it may sacrifice the time to wait for timing alignment across multiple transmitters.
Observation 2: Mismatch of RS measurement and actual channel quality is more severe in unlicensed spectrum and not being resolved fully in current LTE LAA/eLAA specification.

Design commonality in NR-U
Some requirements for operations in unlicensed spectrums can be fulfilled by current NR designs. For example, flexible and asynchronous scheduling mechanism in NR is well suited for channel access in unlicensed spectrum as well. PDCP duplication may be another example to provide robustness from beam failure as well as LBT blocking. If an operation works reasonably in current NR with minimal change (e.g. LBT), it is good to deprioritize the operation for the efficient standards process.
Proposal 1: RAN2 strives for the reuse of current NR specification as much as possible, to support operations in unlicensed bands.
NR-U SI considers supports of different spectrums in different regulations, radio conditions or deployment scenarios. Beam-forming and beam sweeping techniques are the required factor for both licensed and unlicensed (e.g. 60 GHz) band, to overcome higher attenuation and blocking issue. Additional issues for unlicensed band may be e.g. hidden/exposed node problem. It is, however, preferred to have the common solution across different bands. In fact, specification does not distinguish the frequency carrier to describe the operations and functions.
Proposal 2: RAN2 strives for the common framework & design principle across different unlicensed bands as well as licensed bands.

Features for NR-U PCell (i.e. without licensed anchor)
Compared to LAA/eLAA in LTE, key difference in deployment scenario includes stand-alone operation in unlicensed band without licensed anchor such as PCell in CA or MCG in DC. Design issues here are more close to RAN2 scope. They are initial access procedure, system information acquisition, random access procedure, paging, BFR, RLM, mobility for idle/inactive/connected and so on. Each feature will be performed on top of LBT-based channel access. Since LAA/eLAA and feLAA have given lessons so far, RAN2 can lead discussions about these features for stand-alone deployment. 
Proposal 3: RAN2 studies features for unlicensed (NR-U) PCell deployment without waiting RAN1 progress on channel access enhancements.

RRM measurement for unlicensed band
Current NR specification provides RRM measurement framework based on periodic and semi-persistent RS. It is worth to discuss whether the current framework needs to be enhanced or not. It is not sure that the required number of samples could be collected periodically in the heavy congestion scenario. One-shot or aperiodic measurement may be beneficial in the hostile condition. Since only DRS-based measurement was defined in LTE-LAA, other RRM issues especially for PCell needs to be strictly investigated. The handover performance should be reliable sufficiently even though the requirement level is expected to below that in licensed bands.
Proposal 4: RAN2 needs to study enhancements to RRM measurement framework to support the reliable level of handover performance in unlicensed bands.

In-device coexistence framework
Other important issue of the LTE LAA design has been the support of in device coexistence. In device coexistence framework is used by a UE in LTE to indicate to network if transmission/reception in any existing LTE cell is creating interference or disruptions in the operation of other UE modules e.g. WiFi or Bluetooth. The network can then provide solutions to the UE (e.g. time domain restriction on LTE cell or triggering handover) to address the coexistence issue. If no solution is provided by the network, then the UE can perform autonomous detach and attach procedure to resolve the coexistence issue. For the case of LTE assisted NR-U operation (i.e. LTE as PCell and NR-U as PSCell), it needs to be considered whether to use in-device coexistence framework defined in LTE specification or use the in-device coexistence framework to be defined for NR.
However for the case for NR-U operation as PCell, in-device coexistence framework needs to be defined within NR specification. Since unlicensed operation can result in a scenario where WiFi and NR modules are working on the same frequency, in device coexistence framework becomes quite essential because interference arising from simultaneous transmission/reception can potentially result in radio link failure on NR cell. Hence, study item should discuss the framework for in-device coexistence in NR and also to consider enhancements for the framework considering NR-U operation as PCell.
Proposal 5: RAN2 is requested to discuss in-device coexistence framework for LTE assisted and NR-U operation as PCell.


3. Summary
Based on the discussion and identified observations in this contribution, we propose followings:

Observation 1: Channel access and scheduling/HARQ schemes will be inherited from or modified based on LTE-LAA/eLAA specifications.
Observation 2: Mismatch of RS measurement and actual channel quality is more severe in unlicensed spectrum and not being resolved fully in current LTE LAA/eLAA specification.

Proposal 1: RAN2 strives for the reuse of current NR specification as much as possible, to support operations in unlicensed bands.
Proposal 2: RAN2 strives for the common framework & design principle across different unlicensed bands as well as licensed bands.
Proposal 3: RAN2 studies features for unlicensed (NR-U) PCell deployment without waiting RAN1 progress on channel access enhancements.
Proposal 4: RAN2 needs to study enhancements to RRM measurement framework to support the reliable level of handover performance in unlicensed bands.
Proposal 5: RAN2 is requested to discuss in-device coexistence framework for LTE assisted and NR-U operation as PCell.
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