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1 Introduction

In RAN1 NR 94th meeting, the following agreements were reached for NR-U frame structure [1]:
Agreement:
· It is identified that being able to operate all DL signal/channels with the same numerology for a carrier and at least for intra-band CA on serving cells on unlicensed bands has at least the following benefits (at least for standalone operation, FFS whether this is benefit is realizable for inter-operator measurements)

· Lower implementation complexity (e.g., a single FFT, no switching gaps)

· Lower specification impact

· No need for gaps for measurements on frequencies with a configured serving cell in unlicensed bands

· It is identified that being able to operate all UL signal/channels with the same numerology for a carrier and at least for intra-band CA on serving cells on unlicensed bands has at least the following benefits 

· Lower implementation complexity (e.g., a single FFT, no switching gaps)

· Lower specification impact

· Common interlace structure

· No need for gaps for transmission of SRS on a configured serving cell in unlicensed bands

· FFS: PRACH benefits

· FFS: same numerology for DL and UL considering switching gap

In this contribution, we present the discussion on the issues related to the frame structure.

2 Discussion
Bi-directional MCOT
Maximum Channel Occupancy Time (MCOT) is defined in the ETSI BRAN regulation as the total time that an equipment makes use of an operating channel in the unlicensed band, after which the device shall perform a new extended CCA (e.g. LBT CAT4). In LAA, only one DL/UL switching is supported in a MCOT. The UE can have a one-shot LBT following the DL transmission to perform the UL transmission with a shared gNB MCOT.

It is agreed that multiple switching points is beneficial to the system performance such as to support fast feedback. In order to save the UE’s power consumption, it can be considered to inform UE of the slot structure within the MCOT. In NR licensed carrier, dynamic DL/UL switch can be supported by the dynamic SFI. The slot format for multiple slots can be indicated by one SFI. To save the UE’s decoding effort, it can be considered to inform UE of the slot format for the MCOT at the beginning of a shared gNB MCOT. One possible way to convey the SFI explicitly or implicitly in the wakeup signal/channel at the beginning of a MCOT as illustrated in Fig. 1.
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Fig.1: Illustration of the SFI indication for a MCOT

Proposal 1: It can be considered to inform UE of the slot format for a gNB MCOT at the beginning of the MCOT.
Adaptation on PDCCH monitoring
In Rel-15 NR design, UE monitors its control information on configured occasions provided by high layer. In the unlicensed band, as the channel availability is unpredictable, the transmission of the control in formation on the configured occasions cannot be guaranteed. It is power inefficient for the UE to always monitor the control information on the configured occasions. Thus it is beneficial for the UEs if the gNB can adjust the UE’s PDCCH monitoring behavior at the physical layer from the power consumption aspects.
Proposal 2: It is beneficial from power consumption aspects to have the capability to adjust the UE’s PDCCH monitoring behavior at the physical layer.
Flexible data starting/ending position

In LAA, the DL transmission can only be started on symbol#0 or 7 in a subframe. NR-U design should allow more frequent data starting/ending position to avoid wasting the resource. However, this may bring additional complexity for the gNB to prepare the data transmission as gNB need to prepare multiple data portions with different TB sizes to accommodate the available time domain resource. To resolve this issue, several solutions can be considered as follows:
· Option a: cross slot transmission

In this solution, a data transmission is allowed to be transmitted across the slot boundary as illustrated in Fig.2. 
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Figure 2: cross slot transmission

· Option b: multi-TTI scheduling

In this solution, multiple transmissions can be scheduled by a single grant. gNB can dynamically allocate the resource for the multiple transmissions subject to the LBT result. For example, a scheduling grant can schedule 3 transmissions span on 2 symbols, 2 symbols and 3 symbols time duration respectively assuming LBT succeed in symbol 5; while a scheduling grant can schedule 2 transmissions span on 2 symbols and 3 symbols time duration respectively assuming LBT succeed in symbol 7 as illustrated in Fig.3. 
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Figure 3: illustration of multi-TTI scheduling
Proposal 3: Further study how to support flexible data starting/ending position.
3 Conclusions

In this contribution, we present the discussion on the frame structure for NR-U. Based on our analysis, we have the following proposals:
Proposal 1: It can be considered to inform UE of the slot format for a gNB MCOT at the beginning of the MCOT.
Proposal 2: It is beneficial from power consumption aspects to have the capability to adjust the UE’s PDCCH monitoring behavior at the physical layer.
Proposal 3: Further study how to support flexible data starting/ending position.
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