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1 Introduction

In RAN1 NR 93rd meeting, the following agreements were reached for NR-U frame structure [1]:
Agreement:
· Single and multiple DL to UL and UL to DL switching within a shared gNB COT is identified to be beneficial and can be supported

· LBT requirements to support single or multiple switching points, include

· For gap of less than 16us: no-LBT can be used 

· Restrictions/conditions on when no-LBT option can be used will be further identified, in consideration of fair coexistence. 

· For gap of above 16us but does not exceed 25us: one-shot LBT can be used 

· Restrictions/conditions on when one-shot LBT option can be used will be further identified, in consideration of fair coexistence. 

· For single switching point, for the gap from DL transmission to UL transmission exceeds 25us: one-shot LBT is used 

· Further study needed on how many one-shot LBT attempts is allowed for granted UL transmission 

· FFS: For multiple switching points, for the gap from DL transmission to UL transmission exceeds 25us, one-shot LBT is used. Regulations for this option.

Agreement:
· Study FBE (as in the ETSI BRAN specifications) based frame structure

· Identify the changes needed to support FBE operation of NR-U

· Restrictions/conditions on when FBE option can be used will be further identified, in consideration of fair coexistence. 

· Strive to minimize the change from current NR design

Agreement:
· Benefits of using a signal that facilitates its detection with low complexity can be investigated including all/part of the following scenarios/use cases: 

· UE power saving

· Improved coexistence

· Spatial reuse at least within the same operator network 

· Serving cell transmission burst acquisition

· FFS: further usage scenarios

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.
Data burst acquisition

It is beneficial to identify data transmission burst for several purposes such as to get accurate CSI results. This can be realized by UE detecting the wideband RS transmission in LAA. However in NR design, no wideband RS can be presented. Several options can be considered as follows:

· Relying on the DMRS

· Relying on the wakeup signaling
Proposal 2: Further study how to support data burst acquisition.
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: Further study how to support data burst acquisition.
Proposal 3: Further study how to support flexible data starting/ending position.
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