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Introduction
Compliance with regulatory requirements for a fair channel access and better coexistence with other incumbent technologies is of high importance for NR operation in unlicensed spectrum. The NR-Unlicensed study item 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. 
In RAN1#92b meeting [2], the following agreements were reached:
Agreement:
· NR-U supports both Type-A and Type-B mapping already supported in NR 
· Additional starting positions and durations are not precluded
· For sub-7 GHz, NR-U study the SCSs, 15/30/60KHz
· Study performance difference between different SCS
· Study if changes to UL design are needed to meet the PSD and OCB requirements
· Study if an SS block design/RMSI/OSI with 60KHz SCS is needed 
· Impact on MIB and SIB1 content 
· Need for use of ECP for 60KHz
· RACH design with 60KHz SCS in addition to options currently part of NR
· Other considerations are not precluded. 
· Impact on support of different BWs with different SCS
· Study supporting more than one switching points within a TxOP
· FFS the LBT requirement for each DL/UL data/control burst in the TxOP

Agreement:
· Study possible enhancements for HARQ operation 
· Study changes needed for Configured Grant support in NR-U
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT: RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example, receiver assisted LBT enabled only when needed 
· Techniques to enhance spatial reuse 
· Preamble detection
· Enhancements to baseline LBT mechanisms above 7 GHz
· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 
· Note: Other aspects are not precluded from being included

Considering above agreements, this contribution addresses some aspects related to channel access when an NR device operates in an unlicensed spectrum. 
LTE-LAA LBT Mechanisms  
In an unlicensed band, transmissions from different NR-unlicensed (NR-U) and inter-RAT devices have to share the spectrum in a fair way. Listen-before-talk mechanism attempts to ensure a fair sharing of the spectrum among multiple RATs. 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-U, at least for operation in 5GHz unlicensed spectrum. We believe that LTE-LAA LBT mechanisms and categories should be considered as baseline for NR-U operation, and we should update them according to new NR features to enhance channel access efficiency.
Proposal 1: LBT mechanisms and categories in LTE-LAA should be considered as baseline for NR-U operation, and they should be updated according to new NR features to enhance channel access efficiency.
While LBT procedure attempts to ensure a fair sharing, it 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 or no LBT in between are more preferred than small fragmented transmissions. For instance, when a gNB schedules multiple uplink transmission by multiple UEs, it would be more efficient if the transmissions are multiplexed across frequency compared to performing multiple transmissions in time. However, the choice of LBT for uplink transmission might affect the possibility of frequency-multiplexing.

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, single UL transmission (per bandwidth-part) is a natural choice and concurrent UL transmissions multiplexed in frequency 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, concurrent UL transmission multiplexed in frequency may be possible if multiple UEs transmit 25µs after sensing the channel to be idle. 
Concurrent UL transmission multiplexed in frequency can provide more flexible channel access and in some scenario, it helps to improve the spectrum efficiency. For example, with small packet transmission in UL, concurrent UL transmission multiplexed in frequency is more efficient compared to the case where a UE occupies the entire frequency channel. However, frequency-multiplexed UL transmission among UEs may require a good time synchronization among the UEs if LAA LBT procedures are used where it mandates sensing the whole bandwidth. Due to this, we propose to investigate whether to support concurrent UL transmission in NR-U operation and to update the attributes of LBT mechanisms accordingly.
Proposal 2: NR should investigate whether to support concurrent UL transmission in NR-U operation and to update the attributes of LBT mechanisms accordingly.
Alternatively, a modified LAA LBT procedure that instead of the whole bandwidth (or bandwidth-part) performs sub-band channel sensing, i.e. at least across the bandwidth of the PUSCH, can ease channel access. This would help concurrent UL transmission (e.g. multiplexed in frequency) since each UE performs LBT across the bandwidth of the PUSCH resource that is about to access. While higher channel access efficiency is the main goal, channel access fairness and robustness should equally be of importance in performing sub-band LBT. Therefore, we propose to investigate the feasibility, fairness and robustness of performing sub-band LBT should be investigated in NR-U operation.
Proposal 3: The feasibility, fairness and robustness of performing sub-band LBT should be investigated in NR-U operation.
While the bandwidth of channels in 5GHz unlicensed spectrum is 20MHz, NR supports wider bandwidth, hence NR-U operation may have bandwidth of multiple of 20MHz. The 6GHz unlicensed spectrum may follow a similar channelization as in 5GHz. NR-U operation wider than 20MHz would require performing LBT in each of the 20MHz channels. There are various alternatives in performing LBT across multiple 20MHz channels, and whether the multiple channels are contiguous or not affects the ways LBT can be performed. We propose to investigate various alternatives for wideband LBT in NR-U operation. 
[bookmark: _GoBack]Proposal 4: Various alternatives for wideband LBT should be investigated for NR-U operation.       
Receiver-Assisted LBT

In RAN1#92bis NR-U agreements, 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 such as RTS/CTS type mechanism and preamble detection.
During unlicensed channel access, there would be competing wireless devices, such as LAA or WiFi 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, 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 corresponding HARQ feedback for a received transport block (TB). 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.  
Above-stated uncertainty in unlicensed channel operation is not limited to a specific technology and happens in e.g. 802.11 deployments. Because of this 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 believe that NR-U SI should study the possibility of 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 of other UEs afterwards with the COT.

The benefits of such handshaking are multifold: 
a) A gNB may start the handshaking process with a UE to gather the knowledge of availability of the unlicensed channel 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’d help the gNB to schedule for the DL transmission with the condition of the UE in mind. This is important particularly due to variable level of interference in an unlicensed channel due to other concurrent transmissions in the surrounding of a UE. For instance, a concurrent transmission may have the RSSI lower than the LBT threshold, yet it’d affect the choice of modulation and coding rate that the gNB selects for the PDSCH.  

Proposal 5: NR should study ways to perform handshaking between NR-U gNB and UEs to enhance channel access efficiency. 
An example of such receiver-assisted LBT mechanism is shown in Figure 3, where the handshaking starts right after completion of an LBT process successfully 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 happen to complete an LBT process successfully respond to the gNB. 



Figure 3: 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 the vicinity (and operate in a portion or all of the same unlicensed channel) to gain knowledge of the ongoing transmission. Such handshaking enhances intra-RAT coexistence and e.g. allows the NR-U devices to gain knowledge of the channel use by a competing NR-U device and to defer accordingly. 
Such intra-RAT coexistence is not new in operation of devices that belong to the same technology in an unlicensed band. Taking the same example of RTS/CTS in 802.11, the exchange of RTS and CTS between two pairs of 802.11 devices not only ensures the transmitter device about the channel availability at the receiver device, it’d also let other 802.11 devices know about this presence and duration of frame exchange between the two devices (which is helpful for those devices that belong to the same 802.11 network as well as those that do not belong to the same network). For NR-U operation, it certainly helps that other competing gNBs that may belong to another operator (and operate on part or all of the same channel) to become aware of e.g. COT occurrence and its duration etc.      
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. 
Considering the possibility of deployments where large number of the competing devices within an unlicensed channel are NR-U devices, we propose that NR should study the possibility of channel usage information exchange among competing NR-U devices to enhance channel access efficiency.
Proposal 6: NR should study the possibility of channel usage information exchange among competing NR-U devices to enhance channel access efficiency. 
LBT Listen Interval Alteration
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 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 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 ways 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 accesses 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 LBT listen interval adjustment (e.g. by truncation or lengthening of the listen interval) to align the end of a listen interval with the OFDM symbol boundary.  
Proposal 7: NR should study the effect of a balanced and fair LBT listen interval adjustment to align the end of a listen interval with the OFDM symbol boundary.
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: LBT mechanisms and categories in LTE-LAA should be considered as baseline for NR-U operation, and they should be updated according to new NR features to enhance channel access efficiency.
Proposal 2: NR should investigate whether to support concurrent UL transmission in NR-U operation and to update the attributes of LBT mechanisms accordingly.
Proposal 3: The feasibility, fairness and robustness of performing sub-band LBT should be investigated in NR-U operation.
Proposal 4: Various alternatives for wideband LBT should be investigated for NR-U operation.
Proposal 5: NR should study ways to perform handshaking between NR-U gNB and UEs to enhance channel access efficiency. 
Proposal 6: NR should study the possibility of channel usage information exchange among competing NR-U devices to enhance channel access efficiency.
Proposal 7: NR should study the effect of a balanced and fair LBT listen interval adjustment to align the end of a listen interval with the OFDM symbol boundary.
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