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Introduction
In RAN1#94 meeting [1], the following agreement was reached:
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 RAN1#94b meeting [2], the following agreement were reached:
Agreement:
· NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz.
· For DL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.
· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on one or more BWPs
· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on single BWP
· Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on a single BWP if CCA is successful at gNB for the whole BWP
· Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB
· Note: CCA is declared to be successful or not in multiples of 20 MHz.
· FFS for UL operation including some or all of above options can be applied
· Note: Capture the following in TR only after further discussion for down-selecting from the options in RAN1#95.

Agreement:
It has been identified to be beneficial for the NR-U design to not require the gNB to change a pre-determined TBS for a PDSCH transmission depending on the LBT outcome, at least when the PDSCH is transmitted at the beginning of the gNB’s COT.
Agreement:
The following options have been identified as possible candidates for PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst.
· Option 1: PDSCH(s) as in Rel-15 NR
· Option 2: Punctured PDSCH depending on LBT outcome
· Option 3: PDSCH mapping type B with durations other than 2/4/7 symbols
· Option 4: PDSCH across slot boundary
· FFS for signalling details, specification impact, implementation complexity
· Note: Above options are not mutually exclusive.

Considering above agreements, this contribution addresses some aspects of NR-U frame structure. 
NR-U frame structure 
In LAA, the start of the transmission following a successful LBT is limited to the beginning of the next slot (i.e., Symbol 0 or 7 within a subframe). This approach often results in inefficient resource utilization in scenarios that the LBT procedure is successfully completed at the middle of the slot. In NR-U, to maximize the resource usage efficiency, the transmission should be allowed at any time following a successful LBT procedure. For example, the UE can be scheduled with a mini-slot granularity during the random transmission stage and later on to be scheduled at the slot-level granularity during the deterministic transmission stage. The uncertainty associated with the random transmission stage is mainly due to the fact that there are multiple LBT categories each with a different listen intervals. Besides, the LBT mechanism is mainly opportunity-driven with no guarantee of availability of resources so the scheduling cannot be done in a deterministic manner. As for the scheduling during the random transmission stage, perhaps the shortest mini-slot duration (i.e., 2 OFDM symbols) would be the most efficient option among the three mini-slot durations currently defined in NR (i.e., 2, 4 & 7 symbols). An example of NR-U frame structure with LBT procedure is shown in Figure 1. 
Given the efficiency and flexibility that a variable-size starting slot/mini-slot offer, it is benefitial if NR-U UEs are equipped with mechanisms that enables them to efficiently detect a slot and mini-slot at the beginning of a gNB-initiated COT.


[bookmark: _Ref510601243]Figure 1: An example of NR-U frame structure with LBT procedure
Proposal 1: NR-U should provide mechanisms that enables UEs to efficiently detect a slot and mini-slot at the beginning of a gNB-initiated COT.  
Another design consideration related to the frame structure would be related to PDCCH monitoring periodicity. One implication of enabling the mini-slot based scheduling during the random transmission stage is that the UE will be required to perform PDCCH monitoring at the beginning of each mini-slot. This will obviously increase the power consumption at the UE, particularly during the time that the gNB is not transmitting due to LBT. Currently, the NR working group is considering to study the mechanisms and procedures to minimize the UE power consumption. One of the objectives of this potential SI is to consider a new network-assisted UE wake-up mechanism with the possibility of introducing wakeup signals. The same approach can be extended and used in NR-U. More specifically, the gNB, following a successful LBT procedure, may transmit a wake-up signal to the UE(s) to trigger the UE(s) to resume monitoring the PDCCH. An example of NR-U frame structure with the UE wake-up signal is shown in Figure 2. 


[bookmark: _Ref510604102][bookmark: _GoBack]Figure 2: An example of NR-U frame structure with the UE wake-up signal.
Proposal 2: NR-U should consider introducing a network-assisted initial signal to minimize the UE power consumption for PDCCH monitoring.
Candidates for wake-up signal could be an NR-based signal, e.g. PSS/SS, or could be a technology-neutral signal that additionally facilitates coexistence between NR-U and other technologies. However, the design of such signal should consider low-power detection trade-off, e.g. via time-domain correlation, since one of the initial goals of such signal is power saving. 
The support of multiple DL/UL switches within a COT has been considered benefitial in previous agreements, although the LBT implications needs to be addressed carefully. For instance, there could be one DL/UL switch within a slot and the indication for such switches is carried in slot format indicator (SFI). Likewise, within a COT, a gNB may have one or multiple DL/UL switches. The DL/UL switch(s) could be addressed to one or multiple UEs. However, it would be more efficient if the gNB notifies the UEs preferably at the beginning of the COT. This helps the UE(s) to prepare for performing LBT ahead of time as well as any potential preparation for transmission in a PUCCH or PUSCH resource. Due to these benefits, in RAN1#94b [2] it was agreed to include indication of the COT structure in DCI: “In addition to the functionalities provided by DCI format 2_0 in Rel-15 NR, indication of the COT structure in the time domain has been identified as being beneficial.”
The COT format indicator (CFI) may be carried in the first mini-slot or slot after a successful LBT, or it may be transmitted in subsequent slots with the same or updated content (as in PDCCH locations shown in Figure 2). We propose to study the possibility of transmission of a CFI at the beginning of a COT. The information carried in the CFI may vary depending on the gNB scheduling, but it should include information such as COT duration, if/when a DL/UL switching is planned.      
Proposal 3: The COT format indicator may indicate the following: the entire and/or remaining duration of the COT, expected DL/UL and UL/DL switching points, indications on LBT categories to be performed by UE after a DL/UL swiching point.
Subcarrier spacing for NR-U
NR subcarrier spacing for sub-7GHz spectrum are 15, 30 and 60 kHz with OFDM symbol duration of 66.67, 33.33, and 16.67 µs (or 71.36, 35.67, and 17.84 µs including CP) respectively. With the longer symbol duration there would be more chance of having a gap between the time that a gNB successfully completes an LBT procedure and the beginning of the upcoming OFDM symbol. This gap could be wasted by the gNB either by transmitting nothing or transmitting a reservation signal. From this perspective, the larger subcarrier spacing (with shorter symbol duration) is more advantageous.    
On the other hand, the maximum number of RBs for subcarrier spacing 15, 30, and 60 kHz (for 20MHz bandwidth) are 106, 51 and 24 respectively [3]. This leads to an 3.7% and 9.4% overhead for SCS=30kHz and SCS=60kHz respectively compared to SCS=15kHz. This basically may wipe out the above-stated advantage of larger subcarrier spacing compared to SCS=15kHz. Moreover, depending on type of deployment, there is a chance that for SCS=60kHz the extended cyclic prefix may be used, further adding to the overhead of SCS=60kHz. It has been identified in RAN1#94b that additional spec development is required if SCS=60kHz is considered for NR-U operation [2]. Given these facts, we believe that for NR-U operation, SCS=60kHz should be down prioritized. 
[bookmark: _Hlk528922256]Proposal 4: For NR-U operation, SCS=60kHz should be down prioritized. 
Listen interval alignment
When an NR-U device finishes the listen interval it may not be at the beginning of an OFDM symbol. Therefore, there would be a partial duration of an OFDM symbol before the start of a full symbol. In NR-U, the effect of a partial OFDM symbol may be more pronounced since the duration of an OFDM symbol ranges from 16.67µs to 66.67µs (considering choices for sub-7GHz). For instance, for 15 kHz subcarrier spacing an OFDM symbol with CP has the duration of 71.35 µs and refraining from transmission for a part of this duration (until beginning of the next symbol) could be significant enough to allow a competing NR-U or inter-RAT device to grab the channel. 
The above-mentioned disadvantage of longer OFDM symbol duration of SCS=15/30Hz may be avoided if the listen interval of an LBT procedure is adjusted to be aligned with the next/previous OFDM symbol, avoiding a partial OFDM symbol after the LBT listen interval. This adjustment of listen interval has to be performed so that fairness is not harmed. For instance, it is possible to allow the alignment of the end of an LBT listen interval (for LBT Cat-3 and Cat-4) to the next or previous OFDM symbol boundary. Such alignment sometimes should be in form of truncation of the listen interval (if the truncation is not excessive) and sometimes should be in form of lengthening the listen interval just as much to be aligned with the next OFDM symbol boundary. In order to have a fair access to the channel, the truncation and lengthening of the listen interval for symbol alignment should be done uniformly so that on average a gNB (or UE) that accesses the channel half of the time with shortening the listen interval and half of the time with lengthening of the listen interval. 
Proposal 5: NR should study the possibility of listen interval alignment (for LBT Cat-3 and Cat-4) to OFDM symbol boundary. Such alignment should be subject to fair channel access. 
Summary
This contribution discussed some details regarding the NR-Unlicensed frame structure. In the following, above-discussed proposals are listed:   
Proposal 1: NR-U should provide mechanisms that enables UEs to efficiently detect a slot and mini-slot at the beginning of a gNB-initiated COT.  
Proposal 2: NR-U should consider introducing a network-assisted initial signal to minimize the UE power consumption for PDCCH monitoring.
Proposal 3: The COT format indicator may indicate the following: the entire and/or remaining duration of the COT, expected DL/UL and UL/DL switching points, indications on LBT categories to be performed by UE after a DL/UL swiching point.
Proposal 4: For NR-U operation, SCS=60kHz should be down prioritized. 
Proposal 5: NR should study the benefits of listen interval alignment (for LBT Cat-3 and Cat-4) to OFDM symbol boundary. Such alignment should be subject to fair channel access. 
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