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1. Introduction

In this contribution, aspects related to frame structure for NR unlicensed are discussed, including numerology, COT structure and BWP operation.
2. Numerology
During RAN1 meeting #94, the following agreements were achieved:
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

DL signal/channels and UL signal/channels could be transmitted with the same numerology for the same carrier to facilitate one slot multiplexing with DL and UL symbols. For different carriers, different numerologies could be considered from network perspective to leave gNB more flexibility to support different coverage cases or different services. 

Proposal 1: Support DL and UL transmission with the same numerology for the same carrier. 

Multiple numerologies/subcarrier spacings (SCSs) have been introduced in NR to support wide-spread frequency spectrum. For sub-7 GHz unlicensed band, using 15 kHz SCS could make NR-U system achieve similar cell coverage/deployment as LTE system, and a larger SCS, i.e., 60kHz, has benefits in wideband operation, fast channel access and frequency utilization efficiency improvement. So multiple numerologies should be supported for sub-7 GHz unlicensed band.

Proposal 2: Support 15 kHz, 30 kHz and 60 kHz subcarrier spacing for sub-7 GHz unlicensed band.
3. COT 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 efficiency. 
3.1. Self-contained frame structure 
According to the discussion in the previous meeting, single and multiple DL to UL and UL to DL switching points within a shared gNB COT are identified to be beneficial and can be supported in NR-U. It was agreed that no-LBT can be used for gap of less than 16us and one-shot LBT can be used for gap of above 16us but does not exceed 25us. With these discussion and agreements, flexible DL to UL and UL to DL switching with higher channel access priority can be supported by reusing the NR frame structure within the COT. 
Proposal 3: NR’s frame structure and self-contained slot structure can be supported in NR-U.
It should be noted that in NR-U standalone scenario, UE is supposed to access the network via an unlicensed carrier, in which case PRACH resource should be reserved at least for contention based RACH procedure for idle UE. If one configured PRACH resource indicated by system information is located on one slot within a TxOP, e.g., slot n+3 in Figure 1, then this slot n+3 should be reserved for PRACH transmission.  
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Figure 1: Illustration of self-contained frame structure within a transmission burst for NR-U 
Proposal 4: PRACH resource indicated by system information should be reserved for idle UE for initial access procedure. 
3.2. Flexible transmission starting point 
In LAA, half-subframe transmission at the beginning of one TxOP has been supported to improve frequency efficiency. In NR-U, it is beneficial that the TxOP could start at any symbol boundary within a slot subject to LBT in unlicensed carrier, e.g., non-slot based scheduling with short PDCCH search space periodicity can be supported at the beginning of one TxOP.
From UE perspective, it 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 monitoring 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. Therefore, methods needs to be studied to indicated the starting point of the TxOP.
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Figure 2: Illustration of DL burst identification for NR-U

One simple method is to send the burst identification signal at the beginning of a DL transmission burst to indicate the burst starting position, as shown in Figure 2. The detailed design of such kind of pre-signal is discussed in our companion contribution [1].  

Proposal 5: Introduce a pre-signal to indicate the starting position of the TxOP for NR-U.
3.3. Indication of the TxOP structure
In addition to the starting point of one TxOP, the TxOP structure shall also be indicated to the UE. For example, the UE should be aware of DL reference signals such as SS/PBCH block and CSI-RS to perform CSI measurement, RRM measurement and RLM measurement. 

The current NR slot format indication framework provides one good starting point for the indication of NR-U TxOP structure. For example, SFI can be transmitted in group common PDCCH to indicate the TxOP structure.
Proposal 6: SFI can be a starting point to study TxOP structure indication for NR-U.
4. Wideband operation 
Bandwidth part (BWP) configuration has been introduced in NR and should also be studied and supported in NR-U since unlicensed bands have wide-spread frequency resource and can easily be implemented with wideband operation. Unlike the flexible configuration of BWP in licensed band, the BWP configuration in unlicensed bands should consider the coexistence with LAA-LTE and Wi-Fi systems. For example, since the channel occupancy of Wi-Fi and LAA-LTE are in the unit of 20MHz in 5GHz band, the configuration of BWP in NR deployment at the same band should be in the integral multiple of 20MHz. The BWP size should be quantized to number of PRBs similar to initial active BWP. In addition, multiple active DL BWPs should be supported in NR-U and guardband at each side of one active BWP should be reserved not for data transmission to avoid causing interference to Wi-Fi or LAA-LTE systems, as shown in Figure 3. 
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Figure 3: Illustration of BWP configuration with guardbands
Proposal 7: Support multiple active BWPs with guardbands reserved for each BWP for sub-7 GHz unlicensed band.

For data transmission in BWP with at least two subbands, if the corresponding LBT is subband-based LBT, dynamic subband transmission should be supported to maximize the band utilization efficiency. 
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Figure 4: Illustration of dynamic subband transmission subject to subband-based LBT
Figure 4 gives an example for PDSCH transmission in this case. In addition, CBG based HARQ feedback should be considered to support CBG based retransmission. 

Proposal 8: Support dynamic subband transmission for BWP operation with CBG based HARQ-ACK feedback. 
5. Conclusions
In this contribution, aspects related to frame structure for NR unlicensed are discussed, including numerology, COT structure and BWP operation. Based on the discussion, the following proposals are made:
Proposal 1: Support DL and UL transmission with the same numerology for the same carrier. 

Proposal 2: Support 15 kHz, 30 kHz and 60 kHz subcarrier spacing for sub-7 GHz unlicensed band.
Proposal 3: NR’s frame structure and self-contained slot structure can be supported in NR-U.
Proposal 4: PRACH resource indicated by system information should be reserved for idle UE for initial access procedure. 

Proposal 5: Introduce a pre-signal to indicate the starting position of the TxOP for NR-U.
Proposal 6: SFI can be a starting point to study TxOP structure indication for NR-U.
Proposal 7: Support multiple active BWPs with guardbands reserved for each BWP for sub-7 GHz unlicensed band.

Proposal 8: Support dynamic subband transmission for BWP operation with CBG based HARQ-ACK feedback. 
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