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Introduction
In the RAN AH 1901 meeting, channel access procedures were discussed, and the summary of the feature lead captured the open issues [2]. Among the open issues are CWS adjustment, spatial reuse of the unlicensed channel and LBT for wideband operation. This contribution addresses these topics.
Contention Window Adjustment 
NR-U is supporting four channel access categories. According to the TR 38.889, for channel access category 4, the transmitting entity can vary the size of the contention window. In LTE LAA, the eNB adjusts the contention window size when using a channel access with a given priority, based on the HARQ-ACK status available for the downlink transmissions performed within a reference subframe. The reference subframe is defined as the starting subframe of the last transmission on the carrier made by the eNB. Due to the n+4 rule for HARQ-ACK reporting, the eNB only has the status of downlink transmissions for which HARQ-ACK feedback is transmitted in the same time instance. For uplink transmissions, the UE adjusts the contention window size based on whether the NDI was toggled or not for an uplink grant configured with the reference HARQ ID. The reference HARQ ID corresponds to a transmission performed by the UE in a reference subframe. 
Unlike LTE, NR supports variable HARQ-ACK timing by dynamically indicating the transmission time of ACK/NACK using the scheduling DCI. Furthermore, the start and the duration within a slot of a PDSCH and a PUSCH can also vary dynamically. NR-U is expected to adopt the flexible scheduling timing introduced in NR. Consequently, when adjusting the contention window size, the gNB and possibly the UE as well, can have the knowledge of the HARQ-ACK status of multiple transmission(s) performed in different slots. Therefore, the status of those transmissions should also be considered. This can ensure that the CWS adjustment better reflects the typical channel conditions. One option could be to group the set of slots where the transmissions occurred and for which the HARQ-ACK status may be available at the time of contention window adjustment. We thus propose the following:
Proposal 1: NR-U supports adjusting the contention window size considering a set of reference slots.
For a transmitting entity i.e. gNB or a UE, the HARQ-ACK status of previous transmissions is a good metric to determine the channel condition. For example, negative HARQ feedback can be due to a hidden node that was transmitting at the same time but was not detected during the clear channel assessment procedures. Other metrics can also be considered such as measurements performed by the UE e.g. CQI report. In our view, RAN1 should consider at least the available HARQ-ACK status of the transmission(s) within reference slot(s). Other metrics can be considered as well.
Proposal 2: Support at least the available HARQ-ACK status of the transmission(s) performed within the set of reference slots.
NR-U can operate on a BWP that encompasses multiple LBT subbands. The channel access and transmission performance in each LBT subband can be wholly independent. Furthermore, it has been agreed that at least for DL, channel access using Option 3 is possible. That is to say that different COTs in a BWP may use different sets of LBT subbands depending on the outcome of LBT in each subband. As such, it may not make sense to use the performance of a transmission in a previous COT to affect the CWS of a future channel access attempt, given that the sets of LBT subbands may be different. To remedy this, it makes sense to support CWS adjustment per LBT subband in wideband operation. The transmitting entity should only update the CWS values for the set of acquired LBT subbands in a reference slot.
Proposal 3: Support CWS adjustment per LBT subband. The transmitting entity only updates CWS values for the set of acquired LBT subbands in a reference slot.

NR-U Coexistence 
During the SI, it was highlighted to study mechanisms beyond the baseline LBT to possibly enhance the overall channel access performance. One of the methods mentioned is receiver assisted LBT mechanism and preamble detection.
During unlicensed channel access, there could be competing wireless devices, such as LAA or Wi-Fi devices, attempting to access the same channel. Once an NR-U gNB accesses the channel after a successful LBT procedure, the gNB can transmit several NR slots up to the MCOT duration. During this period, the gNB schedules PUCCH or PUSCH for UEs but due to the LBT requirement, there is no guarantee that a UE can make use of the scheduled resource if LBT fails at the UE side. Due to this situation, it would be beneficial if the gNB had 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.  
The above-stated uncertainty in unlicensed channel operation is not limited to a specific technology and happens in e.g. Wi-Fi deployments. A basic handshaking mechanism among Wi-Fi devices 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 the hidden node problem. We believe that NR-U should consider a more efficient channel access by exploring handshaking exchanges between a gNB and its UEs. The handshaking between a gNB and one or multiple UEs may happen at the beginning of a COT and may be repeated with the same or other UEs afterwards within the COT.
The benefits of such handshaking are multifold: 
a) A gNB may start the handshaking process with a UE to gather knowledge of the channel usage information at the UE side. After the handshaking, if an LBT process is completed successfully at the UE side, the gNB would know the availability of the unlicensed channel at UE side. This is helpful in UL transmission situation, where the gNB plans for an upcoming PUSCH scheduling. 
b) A gNB may start the handshaking process with a UE to ensure low or no interference at the UE side, e.g. for DL transmission where it will help the gNB to schedule for the DL transmission with the knowledge of the UE’s condition. This is important particularly due to variable levels of interference in an unlicensed channel from other concurrent transmissions nearby to a UE. For instance, a concurrent transmission may lead to RSSI lower than the LBT threshold, yet it should still be considered when the gNB determines the modulation and coding rate of a PDSCH transmission.  
Proposal 4: NR-U should study ways to perform handshaking between NR-U gNB and UEs to exchange information related to channel status/usage, enhancing coexistence and increasing channel access efficiency. 
An example of such receiver-assisted LBT mechanism is shown in Figure 1, where the handshaking starts right after completion of a successful LBT process by a gNB. However, the same or a similar handshaking may happen within a COT between the gNB and the same or other UEs. The handshaking starts with the gNB sending a request to the UE or set of UEs. And after a possible scheduled suspension of transmission by the gNB (e.g. X symbols), the intended UE(s) that complete an LBT process successfully respond to the gNB. 


Figure 1: An example of handshaking between a gNB and UE(s)
The benefits of a handshaking may be extended beyond a pair of gNB/UE, and it would be helpful if competing NR-U devices that happen to be within each other’s vicinity could gain knowledge of ongoing transmissions. Such handshaking enhances intra-RAT coexistence by allowing the NR-U devices to gain knowledge of the channel use by a competing NR-U device and to defer accordingly. For NR-U operation, it certainly helps that competing gNBs that may belong to other operators (and operate on part or all of the same channel) become aware of e.g. a COT occurrence and its duration etc.      
The above-described coexistence can be upgraded to cooperation between one set of NR-U gNB/UEs and another set of NR-U gNB/UEs that both happen to belong to the same operator or entity. Such cooperation can lead to efficient spatial reuse.
Considering the possibility of deployments where a large number of competing devices within an unlicensed channel are NR-U devices, we propose that NR should study the possibility of channel usage exchange among competing NR-U devices to enhance channel access efficiency.
Proposal 5: NR-U should study the possibility of channel usage exchange among competing NR-U devices to enhance channel access efficiency. 
The information that can be exchanged between gNBs and UEs for the sake of increased intra- and inter-RAT coexistence include the following: channel occupancy duration, channel occupancy status at the UE side, indication of noise level.
LBT for Wideband operation
For wideband operation, it has been agreed that a BWP may span multiple LBT subbands, where a transmitting entity may perform LBT on subband granularity. Two channel access procedures have bene agreed at least for DL, the first (Option 2) requires that the gNB acquires the whole of the BWP prior to transmitting, and the second (Option 3) says that the gNB may transmit even if it has acquired a subset of LBT subbands. For UL, this is still under discussion.
For Option 2, it would be unnecessarily complex to force a transmitting entity to perform multiple LBT procedures (one per LBT subband) to acquire the channel when clearly a wideband LBT procedure would suffice. 
[bookmark: _GoBack]For Option 3, it may still be unnecessarily complex to perform LBT on all subbands for all channel access procedures. That being said, using whole BW wideband LBT does not enable Option 3. For Option 3, the LBT complexity can be reduced by adapting the BW of the wideband LBT procedures. The adaptation can be done semi-statically. Though such slow adaptation may not match well with the channel occupancy variance. Otherwise, a hierarchical approach could reduce the over-all number of LBT procedures. In hierarchical LBT bandwidth determination, the transmitting entity could narrow the LBT bandwidth over subsequent LBT procedures upon channel access failure. Such an approach could take into consideration whether the acquired set of LBT subbands must be contiguous, and channel occupancy per LBT subband. For example, a first LBT attempt can be on the whole wideband. If that fails, a next LBT attempt can be performed using multiple LBT processes on sets of LBT subbands. Depending on whether an LBT process succeeds on a set or not, the next LBT attempt can be on a per subband basis.
Proposal 6: Multiple LBT bandwidths are supported for wideband operation of NR-U.
Proposal 7: Hierarchical LBT bandwidth determination can be used to reduce the over-all LBT complexity in wideband operation.


Conclusion
In this contribution, we discussed contention window size adjustment in NR-U as well as coexistence issues. We presented the following proposals: 
Proposal 1: NR-U supports adjusting the contention window size considering a set of reference slots.
Proposal 2: Support at least the available HARQ-ACK status of the transmission(s) performed within the set of reference slots.
Proposal 3: Support CWS adjustment per LBT subband. The transmitting entity only updates CWS values for the set of acquired LBT subbands in a reference slot.
Proposal 4: NR-U should study ways to perform handshaking between NR-U gNB and UEs to exchange information related to channel status/usage, enhancing coexistence and increasing channel access efficiency.
Proposal 5: NR-U should study the possibility of channel usage exchange among competing NR-U devices to enhance channel access efficiency. 
Proposal 6: Multiple LBT bandwidths are supported for wideband operation of NR-U.
Proposal 7: Hierarchical LBT bandwidth determination can be used to reduce the over-all LBT complexity in wideband operation.
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