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Introduction
In RAN#71 meeting, SID of studying new radio access technology has been approved [1]. One of the important objectives of this SID is to study fundamental physical layer signal structure for new RAT including waveform, basic numerology and frame structure as well as channel coding scheme(s). 
In this contribution, we will discuss issues related to the frame structure design from considerations on support of unlicensed/shared spectrum access.
Requirements for NR frame
For unlicensed/shared spectrum, there are different devices (e.g., devices in different RAT, or different devices in the same RAT). Interferences between these devices should be considered for the frame structure design.
In addition, there exist radio regulations in some countries / regions for unlicensed/shared spectrum (such as those in 5GHz band). In order to fulfil those regulations (e.g., ETSI EN 301 893 V1.8.1), a device should perform LBT (listen before talk) before transmitting on an unlicensed/shared spectrum.
The LBT scheme can also provide a degree of fairness between different RATs when the different devices try to access the same unlicensed band. Supporting LBT scheme should be well taken into account in the early design of the NR frame structure. 
Design for NR frame
[bookmark: OLE_LINK44]In the companion contribution R1-164274 [2], the details for the sub-frame and frame structure are discussed. A sub-frame is denoted NR sub-frame (NRsf) and the frame is denoted the Scheduling Frame (SDF).
The LBT scheme implies that a UE has to listen first if the radio channel it intends to access is available. It should only transmit if other UEs’ transmissions do not get interrupted.
Consider a “typical” NR sub-frame structure design as it has been proposed for the transmission of uplink data in NR TDD (figure1). A downlink control field is followed by a GP, the UL data field and finally the uplink control field. The GP includes the time needed for DL/UL switch, LBT measurements and also other front haul latency. Note, that the “blue” boxes in fig 1 are not part of the sub-frame structure, but indicate the time instants when a UE performs LBT. 
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Figure 1 self-contained subframe for UL data in TDD
Assume now the case that two UEs (UE1 and UE2) are using Scheduling Frame configuration following the NR sub frame structure shown in figure 1. The UE1 will transmit both data and UL control, while UE2 has no data but only UL control to transmit, e.g. ACK/NACK.
Assume further that the UE 1 has an ongoing transmission of data. Since the LBT operation needs to be followed directly by a transmission, UE2 needs to perform LBT during the “UL data” field, just before it can send its control information during “UC”. This LBT measurement for UE2 will result in a failure (channel busy), because the UE1 is transmitting data. Therefore, the UL control signalling for UE2 cannot be transmitted.
However, this conflict can be resolved with a different sub-frame configuration. The base station can coordinate the control resources for both UEs. The following two alternative types of sub-frame structures are considered:  
Alt1. The UC part as shown in figure 1 is split into 2 parts, UC2 and UC1. UC2 has the same position as the UC has in the original sub-frame structure. The UC1 is an optional part that can be configured by the network. This is illustrated in Figure 2 below. An NR sub-frame includes then DC, GP, UC1, UL data and UC2. When UE2 exists, then the UC1 is configured by the serving eNB. In this situation, the UE2 performs LBT within the GP. If the LBT operation is successful, then the UE2 transmits UL control signalling (such as CSI, SR, SRS, ACK/NACK) in the UC1.
The UE1 also performs LBT within the GP. If the LBT also is successful for UE1, then the UE1 transmits UL control signalling in the UC1 and then its data in the following “UL data”. The UE1 could transmit further UL control signalling in UC2.


Figure2. A configurable NR frame structure for UL in TDD
Alt2. As shown in the following Figure 3. A NR sub-frame includes DC, GP, UC and UL data. UL transmission fields for control and data are swapped compared to the original approach shown in figure 1.
Both UE2 and UE1 perform LBT within GP. If the LBT operation is successful for both UEs, then they both transmit “control signalling” during UC. The UE1 would then continue its transmission with UL data in the data field.


Figure3. An alternative NR frame structure for UL in TDD
In both Alt1 and alt2, the UEs perform LBT in the GP, which is originally used for the base station to separate Tx and Rx. Having the LBT been carried out during the GP, results in a minimum overhead needed for LBT and this shall be considered in the NR sub-frame design. For the case when a UE has no control but only data to transmit, it has to send an occupation signal in UL right after LBT. Since the UC for each UE is short duration, the introduced overhead is low. 
The NR needs to support the unlicensed/shared spectrum also for the FDD mode, the LBT should be considered in a similar way for that case. The LBT location for FDD UL should be also aligned in the NR frame structure for different UEs in same cell. The candidate solutions listed above should also be considered for FDD. Note that, both FDD/TDD also need occupation signals when necessary.
Proposal1: NR frame structure needs to support the unlicensed/shared spectrum for both TDD and FDD with a unified design. The LBT location for UL (UC and UL data) should be aligned in the NR frame structure for different UEs in the same cell. 
Proposal2: For TDD, the LBT for UL located within the GP shall be supported and the UL control region can be configured right after the GP/LBT for the NR frame structure on unlicensed/shared spectrum.
Conclusion
We have discussed the aspects of LBT for the introduction of NR in unlicensed band. These aspects should be considered for the design of the sub-frame and frame structure. Two alternative solutions have been presented.
The following proposals have been made as the conclusion:
Proposal1: NR frame structure needs to support the unlicensed/shared spectrum for both TDD and FDD with a unified design. The LBT location for UL (UC and UL data) should be aligned in the NR frame structure for different UEs in the same cell. 
Proposal2: For TDD, the LBT for UL located within the GP shall be supported and the UL control region can be configured right after the GP/LBT for the NR frame structure on unlicensed/shared spectrum.
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