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1. Introduction
RAN#71 in March 2016 approved a 5G SID [1]. One of the important objectives agreed as part of New RAT (NR) SID is to study and identify above 6 GHz spectrums based on beam-forming to overcome the short coverage. In addition, it was agreed in RAN1#84bis that NR in the unlicensed spectrum should be studied except stand-alone deployment [2].

Therefore, in this contribution, we intend to investigate the design principles that can provide robustness to the various uncertainty aspects that arise in the case of NR systems, such as link fragility in the above 6 GHz spectrum or listen-before-talk (LBT) in unlicensed/shared spectrums. This study is beneficial for forward compatibility to reduce design conflicts to support unlicensed spectrum based on on-going design for licensed spectrum.
2. 	Robust Design
Robust design stands for a design which is not affected adversely by certain expected changes in the condition/environment.
2.1 Robust Design in LTE
HARQ, handover, TTI bundling, power boosting, CoMP or etc. are embraced in LTE to overcome outage issue due to shadowing or interference. Some of existing solutions for robust/reliable communication could be reused for NR. Various spectrums, however, should be taken into account to provide the freedom of deployment and forward compatibility, since some spectrums has a totally different feature from conventional licensed bands below 6 GHz.
2.2 Considerations for Various Spectrums in NR
Discussion on above 6GHz licensed spectrums
New spectrums above 6 GHz, such as 28 GHz provide wide contiguous bandwidth as compared to existing spectrums below 6 GHz which have been allocated for many different purposes. Despite the benefits, high attenuation at higher carrier frequencies poses a big challenge for operating at those spectrums. In response, analogue beam-forming was introduced to overcome the high attenuation by concentrating the power within sharp angle and performing directional signal transmission to provide sufficient directional gain.  However the probability of beam misalignment or blockage increases as the beam-width decreases in highly directional transmissions. The beam misalignment is more significant in UE side due to possible rotation or blockage due to user behaviour or location. This aspect requests us to consider robust design aspects for various components of the NR system design. For instance, synchronization signals and/or system information should be transmitted in multiple directions along different beams to avoid uncertain channel conditions and blockages. This procedure is termed as beam sweeping. Reference signal (RS) for measurement of UE could be also transmitted in a beam sweeping manner. Robust control channel design via multi-connectivity is a possible scheme to obtain link diversity. The multi-connectivity can be achieved in TRP (Tx-Rx Point), DU or cell level by keeping connections to multiple TRPs, DUs or cells concurrently. Similarly, some UL signals, such as PRACH or SRS, where beam is not dynamically controlled by gNB, needs UE beam sweeping as well so as that the gNB can successfully hear the UE.
Observation 1: Beam sweeping at gNB and UE is an essential feature for robust design to support above 6 GHz spectrums.
Discussion on unlicensed/shared spectrums
Since LAA for DL and eLAA for UL have been designed in the CA (Carrier Aggregation) scenario [3], the robustness was provided via control channels in licensed spectrum. Meanwhile eCA to support 32 CCs was specified in Rel-13, due to huge available bandwidth around 5 GHz. European standard EN 301 893 covers 5.15–5.725 GHz (i.e. around 600 MHz) operation for unlicensed use [4]. However the required resource size for control via licensed carrier increases according to the number of operating carriers in unlicensed spectrums, if no offloading via unlicensed carrier is assumed.
Furthermore, 3GPP TSG-RAN is considering the support of DC (Dual Connectivity) or possibly (for the purpose of forward compatibility) stand-alone deployment scenarios in unlicensed spectrums. For DC scenario, PRACH and PUCCH are key functions in PsCell in SCG (Secondary Cell Group). Therefore the guaranteed or at least predictable quality of the PRACH and PUCCH transmission is one of the top-priority. However leaving those functions operating simply in an unlicensed band is vulnerable to much contention in congested area.  For the case that unlicensed carrier is far from the licensed carrier, not only UL signals but DL signals especially for essential signals should be successfully transmitted in required time interval. Those essential signals can be synchronization signals, broadcast channels, system information, reference signals for measurement, control channels for grant/management or etc. In addition, UL transmission scheme should be enhanced to be much robust since UL transmission via DL grant may undergo the higher channel access latency due to double LBT procedures in both gNB and UE sides. Latency reduction schemes such as short TTI or shortened processing time are also helpful to reduce the whole latency to UL transmission in unlicensed bands. Single carrier is also a considerable scenario for cost-effective network. 
Observation 2: Both DL and UL control signals/channels needs to be robust subject to LBT in unlicensed spectrums for CA, DC and single carrier deployments. Robust design for essential DL signals including synchronization/reference signal and system information should be considered for the case that unlicensed carrier is far from the licensed carrier. 
2.3 Common aspects between mmWave and unlicensed bands
As identified from previous section 2.2, some design principles are common to both mmWave and unlicensed bands as follows: 1) multiple transmission/reception opportunities within limited time constraint, 2) spatial diversity based on geographically distributed transmitters, and 3) shortened symbol/subframe enabled by wider bandwidth. It is beneficial to study at first those common design aspects to save time and efforts to separately discuss about scenarios in mmWave and unlicensed bands.  
Proposal 1: From the forward compatibility aspect, RAN2 is requested to study provision of robust/reliable communications for mmWave with design commonality to support unlicensed bands in the future.
2.4 Robust Design in NR 
For above 6 GHz spectrums, not only non-stand-alone but stand-alone deployment scenarios are being considered in NR discussion. For sub 6GHz unlicensed spectrums, stand-alone is not currently in the scope but could be considered for forward compatibility. We expect that most of features for above 6 GHz spectrums can be reused for unlicensed spectrums. Therefore it would be beneficial to consider robust design for above 6 GHz spectrums at first and modify it to support unlicensed bands with minimum efforts. On the other hand, self-carrier scheduling in Scell seems inevitable even for CA/DC scenarios especially when capacity of anchoring/licensed carrier is not sufficient to handle all control overheads. 
1) Redundant/diversity schemes for control signals/channels
Uncertainty of beam-forming leads to redundant resource usages such as beam sweeping to transmit synchronization signal (called as xSS) or system information. This would be also applicable for unlicensed bands to deliver those signals within limited time duration which will be helpful for UE to reduce the time for monitoring. It is noted that similar operation was already accepted for DRS transmission in Rel-13 LAA. For UL signals, giving multiple transmission opportunities by single indication is more aligned to operations for both mmWave and unlicensed spectrums, as UL beam sweeping and multi-subframe scheduling respectively.
There is a possible failure to transmit/receive the control signals due to signal blockage/beam mismatch/LBT failure. Spatial diversity can be considered not to lose opportunity from the failure. We can reuse physical layer techniques such as combining to obtain the spatial diversity from multiple TRPs/beams. To support spatial diversity from TRPs/beams, forming multiple TRPs/beams to a set needs to be taken into account for RRC connection establishment/reconfiguration, measurement report, feedback or etc. At first it should be discussed how to handle RRC on connection failure over at least two links. Since there are separate RRC over DC structure, DC is preferred to realize spatial diversity subject sudden link failure. 
Proposal 2: RAN2 needs considering RRC aspects for both DL and UL connections to provide spatial link diversity subject to beam misalignment. DC is a baseline to provide link diversity in both mmWave and unlicensed spectrum.
2) Efficient multiplexing (i.e. get access, transmit many) 
Since the relatively less success rate of transmission, it is good to transmit as many as control information together when NR NB or UE gets available link. For instance, BCH can be multiplexed with xSS in frequency domain. It is also considerable to multiplex or piggyback of multiple control channels or control/data channels. In this sense, TDD/TDM is more preferred to manage channel uncertainty by efficient opportunistic access. 
Proposal 3: RAN2 is requested to investigate the support of dynamic TDD to deliver multiple control/data efficiently subject to beam misalignment.
3) Dynamic control for HARQ process
As compared to robust design for control signals/channels, robustness for data transmission is supported by HARQ procedure. However existing HARQ may incur longer latency to finalize a packet transmission in the error-prone condition. In that sense, it may be beneficial to have flexible control/configuration methods to operate HARQ procedure from the timing relationship or path diversity for retransmission. Efficient use of resource for data transmission contributes the robust system as well by giving more chance to utilize remaining resource for diversity scheme to deliver control signals.
Proposal 4: RAN2 is requested to study the flexible and enhanced HARQ process for efficient data transmission subject to beam misalignment.
3. Summary
Based on the discussion and identified observations in this contribution, we propose followings:

Proposal 1: From the forward compatibility aspect, RAN2 is requested to study provision of robust/reliable communications for mmWave with design commonality to support unlicensed bands in the future.
Observation 1: Beam sweeping at gNB and UE is an essential feature for robust design to support above 6 GHz spectrums.
Observation 2: Both DL and UL control signals/channels needs to be robust subject to LBT in unlicensed spectrums for both CA and DC deployments. Robust design for essential DL signals including synchronization/reference signal and system information should be considered for the case that unlicensed carrier is far from the licensed carrier. 
Proposal 2: RAN2 needs considering RRC aspects for both DL and UL connections to provide spatial link diversity subject to beam misalignment. DC is a baseline to provide link diversity in both mmWave and unlicensed spectrum.
[bookmark: _GoBack]Proposal 3: RAN2 is requested to investigate the support of dynamic TDD to deliver multiple control/data efficiently subject to beam misalignment.
Proposal 4: RAN2 is requested to study the flexible and enhanced HARQ process for efficient data transmission subject to beam misalignment.
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