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Introduction
In RAN#75 meeting, a new SID was proposed to study NR-based access to unlicensed spectrum. The WI description [1] highlights the objectives which include physical channel aspects, considering various unlicensed channels, initial access, channel access, scheduling/HARQ issues, and coexistence. 
Similar to the operation of any RAT in an unlicensed spectrum, compliance with regulatory requirements (e.g. for a fair channel access) and coexistence with other incumbent technologies is of high importance for NR operation in unlicensed spectrum. The WI description [1] highlights the need for coexistence within NR-based and between LTE-based LAA and other incumbent RATs in accordance with regulatory requirements in the corresponding bands. 
Considering the agreements made about the scope of NR-Unlicensed operation during RAN1#92 meeting [2], this contribution addresses the aspects of NR frame structure that gets affected when an NR device operates in an unlicensed band. We particularly highlight some potential solutions on the topics of frame structure, LBT listen interval, UL channel access, and COT-sharing between a gNB and UEs.
NR frame structure changes due to LBT 
Under some regulatory domains, it is required by the regulators that when a wireless device wants to access an unlicensed channel the device shall first perform a listen-before-talk (LBT) procedure. LBT refers to a set of general requirements where a device that intends to use an unlicensed channel should first monitor the channel long enough to robustly infer that the medium is not in use by a competing device. For example, if for a duration of time less energy than a threshold is detected, then the wireless device is allowed to transmit into the wireless channel for up to a maximum duration. The Maximum Channel Occupancy Time (MCOT) is defined as the total time that a device makes use of an unlicensed channel and after which the device must refrain from transmission and monitor the channel before attempting to transmit again. For operation of an NR device in unlicensed channels a similar procedure is expected. The LTE-based LAA releases have adopted a set of LBT categories and it is expected that those LBT categories are conceptually reused by NR-unlicensed (NR-U), at least for operation in 5GHz unlicensed spectrum. 

Similarly, in NR-U, in order to operate on the unlicensed spectrum, a transmitter is usually required to follow an LBT procedure for interference avoidance and coexistence with other incumbent systems. The NR frame structure inherently has a very flexible design. This allows NR-U to be able to transmit and receive in a highly efficient manner compared to LAA/eLLA even in the presence of LBT. Therefore, the goal of the NR-U should be to implement an efficient LBT mechanism under a unified NR frame structure. One of the main considerations regarding the LBT mechanism should be to maintain the same transmission timeline as in NR in licensed bands even in the case of standalone NR-U. This implies that despite the random nature of channel access due to LBT, the NR-U transmissions following the LBT procedure should be fully synchronized with the NR transmissions on the licences carriers. 
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.


[bookmark: _Ref510601243]Figure 1: An example of NR-U frame structure with LBT procedure 
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]Figure 2: An example of NR-U frame structure with the UE wake-up signal.

Proposal 1: NR should consider an efficient resource scheduling mechanism with flexible frame structure taking into account the LBT procedure.

Proposal 2: NR should consider introducing the network-assisted wake-up signal to minimize the UE power consumption.
[bookmark: _GoBack]LBT and UL channel access

In LTE-LAA, an eNB may schedule UL transmissions for a UE in unlicensed band. The UE may access the channel by performing UL channel access procedure. Two types of UL channel access procedures are supported [3]: 
· Type 1 UL channel access procedure (LBT with random back off): After sensing the channel to be idle during a defer duration Td, a random back off with a contention window of variable size is performed. 
· Type 2 UL channel access procedure (LBT without random back-off): The UE may transmit the transmission immediately after sensing the channel to be idle for at least a sensing interval Tshort_UL=25µs.

With Type 1 UL channel access procedure, UL TDMA is a natural choice and FDMA is hard to implement since a UE may defer transmitting once it senses a sufficient energy level over the air. This means at each time, only one UE may be able to transmit to the eNB. With type 2 UL channel access procedure, FDMA may be theoretically possible if multiple UEs transmit 25µs after sensing the channel to be idle. However, a UE may detect transmission from other UEs right before its transmission and thus defer to it (unless the UEs can’t sense each other or they are perfectly synchronized). In summary, it may be difficult to implement FDMA even with type 2 UL channel access in LTE-LAA.
FDMA like concurrent multiuser UL access can provide more flexible channel access and in some scenario, and it helps to improve the system spectrum efficiency. For example, with UL small packet transmission, FDMA like access is more efficient than that a UE needs to occupy the entire frequency channel. However, UL FDMA requires good time synchronization among all the users. Therefore, extra reference signalling or mechanisms may be needed for UEs to estimate and correct timing/frequency offset. Moreover, to implement UL FDMA, the LBT procedure specified for LTE LAA may need to be modified. For example, an UL MU access scheme may require LBT for the initial DL transmission, and no LBT or limited LBT to be performed before UL transmissions. In NR, we should investigate whether to support FDMA like concurrent multiuser UL access.    
Proposal 3: NR should investigate whether to support FDMA like concurrent multiuser UL access in NR-unlicensed operation.

Listen interval alteration
As discussed above, when an NR-U device finishes the listen interval it may not be at the beginning of a slot, and further considering the arbitrary instance of completion of an LBT procedure, it may not even 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. While in some RATs an OFDM symbol may be short enough to neglect this, in NR, thanks to various numerologies, the effect of a partial OFDM symbol may be more pronounced since the duration of an OFDM symbol ranges from 4.17µs to 66.67µs. 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 gNB, UE or another RAT to grab the channel. 
In one solution, the gNB may take the same approach of LTE-based LAA by sending a reservation signal for the duration of a partial OFDM symbol until the beginning of the next symbol. While this reserves the channel access right for the gNB, it is wasteful. We propose the NR-U SI to study the effective LBT to avoid the disadvantages of a reservation signal. 
For instance, it is possible to allow the alignment of the end of an LBT listen interval to 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 so 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 access the channel half of the time with shortening the listen interval and half of the time with lengthening of the listen interval. 
In case multiple numerologies are used in NR-U, we need to ensure a fair channel access among the numerologies under such LBT alteration. We propose the NR-U SI to study the effect of a balanced and fair truncation and lengthening of an LBT listen interval to align the end of a listen interval with the OFDM symbol boundary.  
Proposal 4: NR should study the effect of a balanced and fair truncation and lengthening of an LBT listen interval to align the end of a listen interval with the OFDM symbol boundary.  

gNB/UE medium sharing
In unlicensed band, transmissions from different NR-U devices and inter-RAT devices have to share the spectrum in a fair way. Due to regulatory constraints, the LBT procedure is one of the key system components enabling fair sharing of the spectrum with multiple RATs. However, the LBT procedure is an overhead. More fragmented transmissions may require more frequent LBT procedures and thus reduce the spectral efficiency for the entire network. Therefore, aggregated transmissions which may require limited LBT or no LBT in between are more preferred than small fragmented transmissions. For a single user, multiple transmissions may be aggregated together. For a DL (or UL) transmission burst, transmissions to (or from) multiple users better to be aggregated together. Moreover, multiple DL and UL transmissions can be aggregated to achieve higher spectral efficiency in a shared COT. To ensure fairness among multiple RATs, the duration for the aggregated transmission should be restricted to regulatory limits.  
In feLAA, an eNB acquires the channel using the largest priority class value, then the eNB may allow autonomous UL (AUL) transmission within the eNB shared COT. Meanwhile, a COT acquired by a UE using Cat4 LBT for AUL may be shared with the eNB. Multiple DL/UL switches are not allowed in feLAA. 
In NR, we should consider reusing the concept of shared COT. The shared COT may be acquired by gNB or UE using Cat4 LBT. Within the shared COT, no LBT or short LBT may be used to improve the spectrum efficiency. To support transmissions which involve multiple DL/UL exchanges efficiently, a shared COT with multiple DL/UL switches may be studied. A switching time period is needed for each DL to UL switch, thus more switching overhead is introduced while. 

Proposal 5: NR should investigate whether to support multiple DL/UL switches in a shared COT.
Summary
This contribution discussed some details regarding the NR-Unlicensed frame structure changes due to LBT, possible alteration on an LBT interval, and gNB/UE medium sharing. In the following, above-discussed proposals are listed:   
Proposal 1: NR should consider an efficient resource scheduling mechanism with flexible frame structure taking into account the LBT procedure.
Proposal 2: NR should consider introducing the network-assisted wake-up signal to minimize the UE power consumption.
Proposal 3: NR should investigate whether to support FDMA like concurrent multiuser UL access in NR-unlicensed operation.
Proposal 4: NR should study the effect of a balanced and fair truncation and lengthening of an LBT listen interval to align the end of a listen interval with the OFDM symbol boundary.  
Proposal 5: NR should investigate whether to support multiple DL/UL switches in a shared COT.
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