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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 unlicensed spectrum, coexistence with other incumbent technologies and a fair channel access (among the devices of the same and various RATs) 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. LTE-based LAA has already have coexistence methods defined for 5GHz and they can be considered as the baseline for 5GHz operation. However, one should also consider what NR frame structure and numerology can offer to further enhance the coexistence and channel access.
This contribution addresses some general possibilities about coexistence and channel access in unlicensed bands using the NR framework. 
LBT and Channel Access 
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 no energy beyond 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. 
When performing LBT procedures, it is not guaranteed when an NR-U gNB can access the channel. Therefore, when an LBT procedure is completed successfully it may not be at the beginning of an NR slot. For instance, the LBT procedure may be completed in the middle of a slot. A solution adopted in LTE-based LAA releases is to send a reservation signal whose purpose is to occupy the channel so that until the beginning of the upcoming LTE subframe the other competing eNBs or devices from other RATs find the channel busy and unavailable and refrain from transmission. While the LTE-based LAA usage of reservation signal allows the eNB to occupy the channel, some might consider this method to be wasteful in two ways: it wastes the medium by sending a signal that no receiver depends on, and it wastes the transmission power of the sender of the reservation signal. 
Based on the agreements in Release 15, a slot can contain all downlink, all uplink, or at least one downlink part and at least one uplink part. OFDM symbols in a slot can be classified as ‘downlink’ (denoted ‘D’ in [2, Table 4.3.2-3]), ‘flexible’ (denoted ‘X’), or ‘uplink’ (denoted ‘U’). The slot format is indicated by slot format indicator (SFI) carried in DCI format 2_0 [3].   
In LTE-based LAA at the end of LBT interval the transmission may be restricted to the beginning of the upcoming LTE slot. In NR-U, with the additional flexibility that non-slot-based transmission has it may be possible to allow transmission after LBT in the middle of an NR slot which could be any of the 14 symbols of a slot. This is equivalent of allowing twelve additional starting symbols compared to LTE-based LAA, i.e., allowing transmission at symbols 0,1,2,3,4,5,6,7,8,9,10,11,12 and 13 where transmission starting at symbol 0 and 7 is already allowed by LTE-based LAA. 
For an NR-U gNB, there is the possibility that the transmission starts after finishing an LBT procedure in the middle of an NR slot. There may be a benefit to start at any symbol vs to restrict the transmission at a few symbols. Certainly, there is a complexity and performance tradeoff in allowing additional starting symbols that should be analyzed. 

Proposal 1: NR-U SI should study the possibility that an NR-U gNB starts transmission after finishing an LBT procedure in the middle of an NR slot considering the complexity and performance tradeoff.

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 case multiple numerologies are used in NR-U, we need to ensure a fair channel access within a numerology (when competing NR-U devices access the channel) among the numerologies under such LBT alteration. We propose the NR-U SI to study the effect of truncation and lengthening of an LBT listen interval to align the end of a listen interval with the OFDM symbol boundary.  

Proposal 2: We propose the NR-U SI to study the effect of truncation and lengthening of an LBT listen interval to align the end of a listen interval with the OFDM symbol boundary.  

Considering the availability of vast unlicensed spectrum in millimeter wave bands, the NR-U SI should also consider relevant transmission and reception aspects specific to millimeter wave propagation, specifically the beam-based operation. We propose that NR-U SI to study beam-based LBT and channel access for unlicensed millimeter wave bands [4].

gNB-UE Handshaking   
During unlicensed channel access, there would be competing wireless devices attempting to access the channel. The relationships between the competing devices can be categorized as below (see Figure 1):
· The competing devices are various RATs, where the detection of usage of the unlicensed channel by one device can only be possible by energy detection. This means that an NR-U device can detect the usage of the channel by energy detection and vice versa other devices can detect the usage of the channel by an NR-U device only by energy detection. This situation is shown in Figure 1, when RAT1 is a RAT other than NR-U, such as an LTE-based LAA, 802.11ac or 802.11ax.
· In the second case the competing devices are NR-U gNBs/UEs. The detection of usage of the unlicensed channel by such device can also be done by detecting some of the NR signaling. This situation is shown in Figure 1, when RAT1 is also an NR-U device. In this situation, a gNB and its UEs may detect the presence of another competing gNB and can infer channel usage information in order to enhance channel access efficiency. 


Figure 1: Two competing RATs in an unlicensed channel: an NR-U gNB with multiple UEs, and another RAT with its associated devices.

For instance, once an NR-U gNB accesses the channel after a successful LBT procedure, the gNB can transmit one or more NR slots up to the MCOT duration. During this period, a gNB can send the DL data via the PDSCH to UEs or schedule UL data via the PUSCH for UEs. However, due to the LBT requirement, there is no guarantee that a UE can make a use of a scheduled PUSCH resource, and it is not guaranteed that a UE can send the HARQ-ACK corresponding to a received transport block. This is because the UE should perform LBT at its side before transmitting any signal. Due to this situation, it would be best if the gNB acquires some knowledge of the conditions of the channel activity surrounding the UEs before engaging in the DL data transmission or scheduling an UL data transmission.  
Due to the enhancements that a handshaking mechanism can offer when competing devices are NR devices (such as the second and third categories above), it is worthwhile that during the NR-U SI possible handshaking mechanisms to be studied. For instance, a basic handshaking mechanism among 802.11 devices, referred to as RTS/CTS, has been in place for a while and it is proven that when channel usage is high it is best to turn it on to avoid possible collisions due to hidden devices etc.  

We propose that NR-U SI to study the possibility of a more efficient channel access by exploring handshaking exchanges between a gNB and its UEs.

Proposal 3: NR-U SI should study the possibility of a more efficient channel access by exploring handshaking exchanges between a gNB and its UEs.

Considering the possibility of deployments where majority of the competing devices within an unlicensed channel could be NR devices, we propose that NR-U SI to study the possibility of information exchanges to enhance channel access among the competing NR-U devices. 

Proposal 4: NR-U SI should study the possibility of information exchanges to enhance channel access among the competing NR-U devices.

Conclusions
In this contribution, we discussed several aspects of coexistence and channel access of NR in unlicensed spectrum. We propose the following: 

Proposal 1: NR-U SI should study the possibility that an NR-U gNB starts transmission after finishing an LBT procedure in the middle of an NR slot considering the complexity and performance tradeoff.

Proposal 2: We propose the NR-U SI to study the effect of truncation and lengthening of an LBT listen interval to align the end of a listen interval with the OFDM symbol boundary.

Proposal 3: NR-U SI should study the possibility of a more efficient channel access by exploring handshaking exchanges between a gNB and its UEs.

Proposal 4: NR-U SI should study the possibility of information exchanges to enhance channel access among the competing NR-U devices.
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