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Introduction 
In RAN1 #93-94, the following agreement was made [1,2]: 
	Agreement (RAN1 #93):
· 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 
· [bookmark: _GoBack]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 (RAN1 #94):
· 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




Based on the above agreement, the following aspects are discussed:
· Subcarrier spacing 
· Signalling the COT structure.
· Multiple switching points having gap greater than 25 us.
· Mini-slot
Numerology
In the previous meeting, it was agreed that being able to operate all DL signal/channels with the same numerology for a carrier could be beneficial from the perspectives of implementation complexity, specification impact, and no need for gaps for measurements. 
Rel-15 NR supports 15/30/60 KHz SCS for PDCCH and PDSCH  but it only supports SSB/PBCH with 15/30 KHz SCS.  Therefore, if we follow the agreement in the last meeting, it is beneficial to use the same numerology for all DL signals/channels and only 15 KHz SCS and 30 KHz SCS see the benefits based on current NR specification. If 60KHz SCS needs to be used for all DL signals and channels, additional design for SSB/PBCH with 60 KHz SCS is needed. We list up the pros and cons on the introduction of SSB/PBCH with 60 KHz SCS.

· Benefits from the introduction of 60KHz SCS for SSB/PBCH
· By having shorter symbol length, we can have finer channel access granularity, which may provide benefits on LBT procedure and channel occupancy flexibility
· More transmission opportunity SSB/PBCH (or NR-U DRS) assuming the same overhead
· Drawbacks from the introduction of 60KHz SCS for SSB/PBCH
· Additional specification and additional implementation is needed on top of Rel-15 SSB/PBCH
· Larger guard band increases overhead
· Supportable cell size is small due to the shorter CP lengths, if normal CP is used. Extended CP may be required to be supported.

Based on pros and cons, the overall benefits of 60KHz SCS are not clear at this time without clear performance benefits obtained from the finer channel access granularity. It is proposed to work on 15KHz/30KHz SCS first and then we may study further on 60KHz SCS for SSB/PBCH.
	
Proposal 1: Work on 15 KHz & 30 KHz SCS for downlink first
· We may study further how much gains we can get by introducing 60KHz SCS for SSB/PBCH. 
Signalling the COT structure
In RAN1 #93, it was 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 order to facilitate the COT sharing between gNB and UEs, further signalling mechanism needs to be introduced, at least for indicating the COT structure to a single UE or multiple UEs. GC-PDCCH (DCI format 2-0) is being used for indicating slot format for multiple UEs in Rel-15 NR. We can reuse DCI format 2-0 for indicating the structure of the COT on how it is constituted with DL and UL parts with possible gaps. Details on how to interpret the GC-PDCCH and details of the UE behaviour is FFS.
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Figure 1: Indication of COT structure via GC-PDCCH 
Proposal 2: GC-PDCCH indicates how the COT is structured with DL parts, UL parts, and possibly gaps. 
Multiple switching points having gap greater than 25 us
In RAN1 #93, the use of single-interval LBT was left FFS for multiple switching points for the gap from DL transmission to UL transmission exceeding 25us. The usage of single-interval LBT has to follow the guideline from ETSI BRAN as given in [3]. It is defined in ETSI BRAN that a ‘pause’ is a time duration of at least 100 μs, but the number of pauses itself is not restricted. The use of pause is rather restricted by the total paused duration as follows: 
“If a Channel Occupancy consists of more than one transmission the transmissions may be separated by gaps. The
Channel Occupancy Time is the total duration of all transmissions and all gaps of 25 µs duration or less within a
Channel Occupancy and shall not exceed the maximum Channel Occupancy Time in table 7 and table 8. The duration from the start of the first transmission within a Channel Occupancy until the end of the last transmission in that same Channel Occupancy shall not exceed 20 ms.”
As the number of ‘pause’ itself is not restricted by ETSI BRAN regulation, the use of multiple pauses in a COT by NR-unlicensed system does not need to be limited as long as the total duration of COT does not exceed 20 ms including paused durations. 
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Figure 2: Multiple pauses are allowed in a COT, which is restricted by total duration including paused durations

Proposal 3: Multiple switching points for the gap exceeding 25 us within a COT is allowed with single interval LBT as long as the total duration including the paused duration does not exceed 20 ms. 
Mini-slot
We have introduced partial subframe during the LAA standardization because of the lack of shortened TTI in Rel-13 LTE. However, Rel-15 NR supports both type-A and type-B resource mapping for PDSCH and PUSCH, where type-A is for slot-based transmission and type-B is for non-slot based transmission. For type-B, we have lengths of 2, 4, 7 symbols for PDSCH and more flexible lengths for PUSCH. And also flexible starting positions are supported. Based on supports of flexible type-B mapping, NR-U does not need to introduce additional resource mapping both for uplink and downlink.
Proposal 4: Type-B resource mapping is sufficient for supporting flexible mini-slot based transmission both for uplink and downlink 

Conclusion
In this contribution, we discussed frame structure related issues and we derived the following proposals:
Proposal 1: Work on 15 KHz & 30 KHz SCS for downlink first
· We may study further how much gains we can get by introducing 60KHz SCS for SSB/PBCH. 
Proposal 2: GC-PDCCH indicates how the COT is structured with DL parts, UL parts, and possibly gaps. 
Proposal 3: Multiple switching points for the gap exceeding 25 us within a COT is allowed with single interval LBT as long as the total duration including the paused duration does not exceed 20 ms. 
Proposal 4: Type-B resource mapping is sufficient for supporting flexible mini-slot based transmission both for uplink and downlink 
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