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1 Introduction
At the last RAN1 #94 meeting, the following was agreed:
	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 document, we present further views on the frame structure design for NR operation in unlicensed spectrum. 
2 Frame structure for NR-U operation
Rel. 15 NR prioritized three mini-slot lengths for PDSCH mapping type B, namely, {2,4,7} OFDM symbols. Two and four OFDM symbols were motivated by the SSB transmission duration for various subcarrier spacings. This allows to align the PDSCH transmission duration with that of an SSB and thereby to multiplex the two on the same analog beam using the same RF hardware in a frequency-division manner. Mini-slots of length 7, on the other hand, were introduced in lieu of specifying slots of length 7 OFDM symbols as proposed during the NR study item. 

Originally, the Rel. 15 mini-slot design was meant to be fully flexible supporting any duration and any starting symbol. Ultimately, however, only the aforementioned three lengths of {2,4,7} OFDM symbols were specified as part of a prioritization exercise conducted by RAN in 2017. It is, however, possible to start a PDSCH with mapping type B on any OFDM symbol even in Rel. 15.

Due to clear-channel assessment and LBT procedures, the network cannot guarantee that the channel becomes available exactly at the slot boundary. Rather, this may happen at any given time. Nevertheless, especially for LAA, it may still be desirable to have licensed and unlicensed carriers time aligned especially in a carrier aggregation framework. Hence, the NR-U slot boundary is determined by the PCell at least in LAA.

To reconcile these two contradicting requirements, alignment of the slot boundary with random transmission starting symbols, several techniques have been contemplated in LTE such as the floating subframe or the reservation signal. In NR, additional techniques can be leveraged due to the flexible frame structure and numerology of the air interface. 

Generally, the problem can be alleviated, albeit not circumvented, by increasing the subcarrier spacing. The larger the subcarrier spacing the shorter the average time until the next subframe commences due to the inverse scaling of the slot duration with the subcarrier spacing. Studying 60 kHz subcarrier spacing for NR-U was already agreed at the last meeting. 

Alternatively, the time between a positive clear-channel assessment and the next slot boundary can be occupied by a mini-slot transmission. In Rel. 15 the UE can already be configured to monitor for a PDCCH transmission on any symbol. Assuming PDSCH mapping type B will also be specified for mini-slots of length {1,3,5-6,8-13} OFDM symbols, the network can then start transmitting on any symbol. The first symbol(s) would always contain a PDCCH followed by a PDSCH spanning the remaining symbols until the slot boundary.

Proposal 1:

· Specify PDSCH mapping type B for mini-slots of length {1,3,5-6,8-13} OFDM symbols
· Study additional PDSCH lengths for mapping type B beyond the 13 OFDM symbol limit, e.g., 15-27 symbols
Unfortunately, monitoring for a PDCCH on each and every OFDM symbol may be too power consuming. For one, it prevents any opportunity for micro-sleep cycles of the UE hardware. Moreover, blind decoding is generally considered a computationally complex task at the UE chipset. This is why other technologies such as IEEE 802.11 rely on energy detection instead.

A preamble can generally serve three use cases, two of which are valid at the link-level and thus for a single gNB and a single UE. The third one is for networks of base stations and UEs and applicable at the system-level [1]. Firstly, a preamble can be used to derive self-contained transmission bursts. In licensed bands, radio access technologies usually rely on periodic signals for tracking, synchronization, channel estimation, and so forth. Alternatively, a preamble-like reference signal can be used for these purposes thereby alleviating or obviating the need for periodic transmissions of CSI-RS, SSB, TRS … 

Secondly, preambles can be used for energy detection. The reason blind decodes of PDCCH candidates are complex and power consuming is the involvement of FEC. Energy detection at small time intervals is much friendlier to battery life as opposed to frequent blind detection of PDCCH candidates. Hence, we propose to study the use of preambles and energy detection in conjunction with mini-slots for power as well as spectral efficiency improvement in NR-U.

Proposal 2: Study the use of preambles and energy detection in conjunction with mini-slots for power as well as spectral efficiency improvement
For the case where the transmission commences in the latter half of a slot, it would be very inefficient to have another PDCCH right at the beginning of the subsequent slot. Hence, it should be possible for a PDCCH in the middle of a slot to schedule a PDSCH that spans the partial and subsequent slot. In other words, a PDSCH with mapping type B can be aggregated with a PDSCH with mapping type A. Alternatively, additional PDSCH lengths for mapping type B could be specified beyond the 13 OFDM symbol limit, e.g., 15-27 symbols. 

A similar situation occurs at the end of the burst when the MCOT does not align with the slot boundary. Either, the partial slot incorporating the end of the MCOT can be scheduled separately using a PDSCH of mapping type A or B, or, alternatively, to minimize the control channel overhead, the partial slot at the end of the MCOT can be aggregated with the previous slot. 

Proposal 3: Study the aggregation of partial slots with full slots using both PDSCH mapping type A and B at the beginning/end of the MCOT
Unlike licensed band operation, in unlicensed bands the most efficient way to co-exist is to be able to access a clear channel as fast as possible and commence transmission. In LAA, when the channel is accessed, reliable RRM and CSI measurements are not available. This implies that some slots are used to obtain these. In NR-U, much faster channel access mechanisms using techniques such as L1 CA, which relies on DCI based carrier activation, are desirable. Many of these features have been discussed and proposed as part of NR in Rel. 15 albeit they were not adopted. Similarly, the current NR specification does not allow the UE to perform CSI reporting on de-activated BWPs. Therefore, even though a BWP can be activated using a DCI indication, the network does not have reliable CSI measurement to schedule PDSCH efficiently. Hence, we propose to study BWP enhancements such as CSI measurements in de-activated BWPs to allow for faster and more efficient access of the channel. 

Proposal 4: 

· NR-U should study faster channel access mechanisms such as L1 based CA activation

· NR-U should study BWP enhancements that will allow for faster and more efficient channel access
3 Conclusion

In this document, we presented further views on the frame structure design for NR operation in unlicensed spectrum. The following are the proposals:
Proposal 1:

· Specify PDSCH mapping type B for mini-slots of length {1,3,5-6,8-13} OFDM symbols
· Study additional PDSCH lengths for mapping type B beyond the 13 OFDM symbol limit, e.g., 15-27 symbols
Proposal 2: Study the use of preambles and energy detection in conjunction with mini-slots for power as well as spectral efficiency improvement
Proposal 3: Study the aggregation of partial slots with full slots using both PDSCH mapping type A and B at the beginning/end of the MCOT

Proposal 4: 

· NR-U should study faster channel access mechanisms such as L1 based CA activation

· NR-U should study BWP enhancements that will allow for faster and more efficient channel access
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