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1. Introduction

During RAN1 meeting #93, the following agreements on NR-U frame structure were achieved [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

In this contribution, we discuss several aspects on the frame structure for NR unlicensed.
2. Self-contained frame structure 
In NR, frame structure with dynamic DL/UL resource allocation has been supported by semi-static UL/DL configuration through cell-specific and UE-specific assignment, as well as dynamic slot format indication. The transmission of PDSCH and PUSCH can be scheduled in the duration of symbols, slot, or multi-slots with flexible starting/ending points. NR also support self-contained slot structure. In self-contained slot structure, HARQ feedback can be transmitted at the same slot for PDSCH transmission thus the feedback delay can be greatly shortened. Such slot structure is beneficial to reduce transmission latency and improve the spectrum effciency. 
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Figure 1: Illustration of self-contained slot structure within a transmission burst for NR-U 
During the discussion in the last meeting, we have agreed that 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 in NR-U. We also agreed that for gap of less than 16us no-LBT can be used and for gap of above 16us but does not exceed 25us one-shot LBT can be used.With these agreements, flexible DL to UL and UL to DL switching are supported thus it is natural to directly reuse the NR frame structure within the COT. 

It shall be noted that when we use NR frame and slot structure in NR-U, larger subcarrier spacing such as 60KHz would be beneficial for sub-7 GHz band since the symbols length for 60KHz subcarrier spacing would be around 17us therefore the gNB can configure the DL to UL switching GAP as one symbol  so one-shot LBT can be used before the uplink transmission. 
Proposal 1: NR’s frame structure and self-contained slot structure can be used in NR-U.
Proposal2: Support large subcarrier spacing such as 60 KHz for sub-7 GHz.
3. Flexible starting transmission point 
The TxOP could start anywhere within a slot subject to LBT in unlicensed frequency. It is beneficial if the gNB can start data transmission immediately at the time it get the channel to avoid losing the channel and waste the transmission resources. In LAA, half-subframe transmission at the beginning of the TxOP is used when the gNB access the channel after the previous subframe boundary but before the half of the current subframe. 

For NR-U, non-slot based scheduling is supported thus the downlink transmission can start at any symbol within one slot. Therefore by proper configuration of PDCCH search space, e.g., with short PDCCH search space periodicity and multiple PDCCH monitoring symbols within one slot, it is very easy for NR-U to support flexible starting transmission points. Similarily, it is beneficial to use large subcarrier spacing such as 60KHz for sub-7 GHz to provide small time resouce granularity thus improve the resource utilization.  
On the other hand, the UE should be aware of the starting positions of the TxOP.  In LAA,the starting position of a DL transmission burst could be determined by CRS blind detection since CRS is “always on” signal within the DL subframes in the TxOP. However, there is no “always on” signal in NR system, hence new method should be introduced to identify transmission burst for NR-U. The UE can find the downlink transmission based on PDCCH blind detection, but with dense PDCCH moniotring occasions in the slots in order to support flexible TxOP starting point as discussed above, the UE’s PDCCH monitoring complexity and power consumption would be high and unacceptable. Therefore, methods needs to be studied to indicated the starting point of the TxOP.

One simple method is to send the burst identification signal at the beginning of a DL transmission burst, to idicate the burst starting position, as shown in Figure 2.   
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Figure 2: Illustration of DL burst identification for NR-U

Proposal 3: Study how to indicate the starting position of the TxOP for NR-U.
4. Indication of the TxOP structure
Besides the sarting point of the TxOP, the TxOP structure shall be also indicated to the UE. Firstly, the UE needs to know where to receive the downlink reference signals such as SS/PBCH block and CSI-RS to perform CSI measurement, RRM measurement and RLM measurement (for the case of SA deployment). Also, the UE needs to know where to transmit SRS if configured and where to send PRACH. 

The current NR slot format indication framework provides one good starting point for the indication of NR-U TxOP structure. For example, we can use SFI in group common PDCCH to indicate the TxOP structure.
Proposal 4: Study how to indicate the TxOP structure for NR-U

5. Conclusions
In this contribution, several aspects on the frame structure for NR unlicensed such as self-contained slot and TxOP structure, the starting position of the TxOP and the indication of the TxOP structure have been discussed. Based on the discussion,we have the following proposals:
Proposal 1: NR’s frame structure and self-contained slot structure can be used in NR-U.
Proposal2: Support large subcarrier spacing such as 60 KHz for sub-7 GHz.
Proposal 3: Study how to indicate the starting position of the TxOP for NR-U.
Proposal 4: Study how to indicate the TxOP structure for NR-U
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