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1	Introduction
Until RAN1 #94, the following agreements were made related to channel access and coexistence mechanism in NR-U. 
In RAN1 #92bis [1]:
· 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. 
In RAN1 #93 [2] following was agreed:
· LTE-LAA channel access mechanism is adopted as baseline for 5GHz 
· Further enhancements not precluded 
· LTE-LAA channel access mechanism is adopted as starting point of the design for 6GHz 
· Further enhancements not precluded 
· For 5GHz band, a no-LBT option is beneficial for NR-U, such as for supporting fast A/N feedback, and is permitted per regulation. 
· Restrictions/conditions on when no-LBT option can be used will be further identified, e.g., in consideration of fair coexistence. 
· No-LBT option can be applied to 6GHz band if allowed by regulation
· Restrictions/conditions on when no-LBT option can be used will be further identified, if fair coexistence criterion is defined for 6GHz band
Note: Channel access mechanisms need to comply with regulations and may therefore need to be adapted for particular frequency ranges.
In RAN1 #94 [3] following was agreed:
· In addition to aspects considered in LTE LAA, CWS adjustment procedure in NR-U may additionally consider at least the following aspects:
· CBG based HARQ-ACK operation,
· NR scheduling and HARQ-feedback delays and processing times
· wideband (>20 MHz) operation including BWPs
· Configured grant operation

In this contribution, we discuss further details and potential enhancements on channel access procedure for NR unlicensed band operation. 
2	Channel access procedure for a shared gNB COT
As agreed in RAN1 #93 [2], single and multiple DL to UL and UL to DL switching within a shared gNB channel occupancy time (COT) can be supported in NR-U. In this section, we discuss detailed channel access procedure for a shared gNB COT.
Case 1 – Single switching point
For a shared gNB initiated COT with single switching point (i.e., DL-to-UL), the most straightforward LBT option is to directly reuse LTE-LAA mechanism [3]: 
· The gNB performs LAA Type 1 DL LBT (Cat4 LBT) at the beginning of TxOP.
· UEs perform LAA Type 2 UL LBT (25 us CCA) at the beginning of the UL portion.
According to regulatory requirement, no-LBT can also be used if the gap between DL and UL is less than 16 us. As discussed in [8], evaluations show that transmitting PUCCH immediately after a <16 µs gap following the DL transmission provides a significant improvement to system performance, considering both NR-U and Wi-Fi, and downlink and uplink operation. The reason for this appears to be that because of hidden nodes, transmission of PUCCH (i.e. HARQ-ACKs for DL data) is often blocked, and consequently the gNB needs to unnecessarily wait for UE feedback before further DL scheduling even though it sees a vacant operating channel. Transmitting PUCCH immediately after DL avoids this issue, and enable more efficient NR-U DL scheduling, which in turn helps nearby nodes (both NR-U and Wi-Fi) as the channel can be accessed in a timely manner.

Proposal 1:  In a gNB-acquired COT where the UE is a responding device, transmission of HARQ-ACK feedback immediately after a 16 µs gap following a DL transmission (where the 16 µs gap accommodates the transceiver turnaround) is supported in NR-U.   
Another aspect that should be further clarified is how to make the duration of DL to UL gap less than 16 us. We see three potential ways to achieve it.
1. CP extension
In LTE-LAA, UEs can extend the CP of the symbol #1 to create a 25 us gap after the subframe boundary. Similar approach can be used in NR-U to create a gap between the end of DL transmission and the beginning of UL transmission. Considering the support for higher SCS in NR-U (30 or 60 KHz), the symbol duration becomes shorter than that in LTE. For example, the symbol duration is roughly 18 us in the case of 60 kHz SCS. With 60 kHz SCS, a 2 us CP extension from the next symbol is hence a very suitable method to make UEs perform no-LBT for a smaller than 16 us gap. Similarly, CP extension could also be used at the gNB side to fine tune the gap between UL and DL transmissions.
2. Timing advance
The gNB can control the starting position of scheduled UL transmission by configuring the timing advance (TA) value.  In e.g. LTE Frame Structure Type 2 (i.e.TDD) operation, TA setting is usually chosen to account for not only the UL propagation delay, but to also allow for UL-DL switching. Similarly, in NR-U an appropriate setting of TA and facilitate desired gaps between transmissions of different link directions. 
3. Symbol puncturing
Symbol puncturing, which can be performed in either DL portion or UL portion, is also a potential way to create gaps. In e.g. LAA, the first or the last symbol of an UL transmission can be dynamically punctured to make room for e.g. LBT or SRS transmission. We could also use such mechanism to create gap for DL-UL or UL-DL switching. However, puncturing the data (either UL data or DL data) will of course decrease the performance of data transmission/decoding. Moreover, puncturing the reference signaling should be avoided.
In our view, all three above methods are feasible ways of ensuring a gap of 16 us or less between transmission of different link directions, and are beneficial for NR-U operation.
Proposal 2: CP extension, Timing Advance, and symbol puncturing are feasible ways of creating a gap of less than 16 us between DL and UL transmissions (or vice versa) in NR-U, and should be supported.  



Case 2 – Multiple switching points
In this case, the gNB shall perform Cat 4 LBT to acquire a COT. Within the COT, the type of LBT performed at the beginning of following UL portion and DL portion should be determined according to the length of switching gap. One example of multiple switching points within a COT is shown in Figure 1.
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Figure 1: Example of three switching points within a COT
· For LBT #2 & LBT #4, there will be a gap for DL-to-UL switching and timing advance. Depending on the length of gap, both Cat 2 (25 us CCA check) and no-LBT can be considered. If the gap is less than 16 us, no-LBT can be used. If the gap is above 16 us but does not exceed 25 us, one-shot LBT with one observed CCA slot (e.g., 9 us) can be used. If the gap exceeds 25 us, one-shot LBT with 25 us can be used.
· For LBT #3, the gap between the end of UL transmission and the start of DL transmission could be relatively small (only need for Rx-Tx switching). If the gap is less than 16 us, no-LBT can be used. If the gap is above 16 us but does not exceed 25 us, one-shot LBT with one observe slot (e.g., 9 us) can be used. If the gap exceeds 25 us, one-shot LBT with 25 us can be used.
Proposal 3: Study and evaluate different options of LBT and gap duration for a shared gNB COT with multiple switching points.

3	Receiver assisted LBT   
With the experience of LAA/eLAA channel access design, we find that energy detection based LBT procedure may suffer from the hidden node issue. As shown in Figure 2, the gNB A and the gNB B cannot sense each other due to being located outside of each other’s sensing range. However, the UE A is able to sense both gNBs. Before the gNB A transmits UL grant to the UE A, the gNB senses the channel to be idle with LBT category 4 procedure, although gNB B is transmitting data to UE B. After receiving the UL grant, UE A may sense the channel to be busy, when it performs 25 us one-shot LBT before its UL transmission. Hence, the scheduled UL resources are wasted due to failed UL LBT, which may degrade the UL performance dramatically and result in inefficient spectrum utilization. 

Observation 1: Hidden nodes may reduce UL channel access probability in unlicensed spectrum.


Figure 2. Hidden node issue for UL transmission in unlicensed spectrum.



As discussed in feature lead’s summary [4], many companies expressed interest introducing in RTS/CTS-like procedure (know from e.g. Wi-Fi) to e.g. avoid issues with hidden nodes. On the other hand, some companies also point out possible issues related to such mechanisms, such as:

1. Spatial reuse may be severely impacted by RTS/CTS-like mechanism.
2. RTS/CTS type mechanism may not be very suitable for a use with multi-user scheduling, which may result in a long handshake chain.
3. How to support RTS/CTS-like signaling in NR slot structure is not clear.
Therefore, it seems further study is needed before concluding on the possible benefits of RTS/CTS for NR-U.
Proposal 4: The benefits of RTS/CTS-like receiver assisted LBT schemes require further discussion and study.
Another way to minimize the impact of hidden node issue is over-booked UL scheduling. More specifically, the gNB could schedule UL transmissions for different UEs on the same time-frequency resource. By managing different transmission starting positions, collisions caused by overbooking can be reduced, and UL access probability is increase. 
Alternatively, with UE assistance information (e.g., an energy detection report or a CSI-IM report), the gNB may be able to identify the UEs suffering from hidden nodes. For example, the gNB may trigger UEs to report energy detection reports before scheduled UL transmission. Based on the reported information, the gNB can schedule UEs having low interference for UL transmission.
Proposal 5: Overbooked UL transmissions and UE reporting of channel sensing results can be considered as ways to increase UL access probability.

4	CWS maintenance for Cat.4 LBT
RAN1 #94 has agreed that CWS adjustment procedure in NR-U may additional consider new features, such as CBG based HARQ-ACK operation; NR scheduling and HARQ-feedback delays; shorter processing time in NR; wideband operation; and configured grant operation. More detailed solutions can be discussed after the design of related features becomes more stable in NR-U.
Proposal 6: Detailed solutions for CWS adjustment procedure is to be discussed in WI phase.

5. 	Directional LBT
The need for multi-beam (multi-SSB) NR-U operation at sub-7 GHz is unclear. As discussed in our companion contribution [6], broadcast signaling (such as SSS/PSS/PBCH/RMSI) benefits from single beam operation in low frequency unlicensed spectrum (e.g., <7 GHz), leading to much higher efficiency compared to beamforming with beam sweeping operation. On unlicensed spectrum the total RF output power is normally restricted by EIRP limitation. For example, the RF output power EIRP limitation is 23 dBm and 24 dBm in 5 GHz unlicensed band, as regulated in ETSI 301.839 and FCC 15.247, respectively. This limitation captures both transmit power and antenna gain (beamforming gain + antenna element gain). This means directional transmission with high beamforming gain cannot lead to additional coverage in unlicensed spectrum, if the device is able to reach maximum output power with omni-direction. 
Without support of beam sweeping for SSB, it is hard to guarantee efficient beamforming maintenance based on current NR framework. However, note that restricting the NR-U operation at sub 7 GHz to single SSB does not impose restrictions on using beamforming for PDSCH; on the contrary, gNB can make use of all its antennas with beamforming based on PMI feedback, beamformed CSI-RS, or SRS.  
Observation 2: single-beam (omni-directional SSB) operation is more efficient for NR-U below 7 GHz
If only single-beam operation is supported in NR-U below 7 GHz, directional LBT (energy detection with specific phase array gain) is no needed. Moreover, even if beam-sweeping, is applied, the benefits of directional LBT are still unclear. Although directional LBT can potentially enhance spatial reuse, we also observe some issues caused by directional LBT that would need to be overcome:
1. The hidden node problem becomes more server due to limited sensing area.
2. The implementation complexity of directional LBT at both UE and gNB is considerable.
3. The efficiency of COT sharing mechanism may be impacted, as the acquired COT may be only allowed to share to specific direction.
4. Is it unclear how directional LBT would comply with regulatory framework for unlicensed spectrum (e.g. ETSI) 
Based on the above, we see no benefits in introducing directional LBT for sub-7 GHz bands.
Proposal 7 Directional LBT is not supported for NR-U in sub-7 GHz bands
6. 	LBT for different channels and signals
LBT for DRS
In LTE LAA/eLAA, a DRS consisting of synchronization signals and reference signals, is transmitted to allow UEs to discover and measure cells. The DRS transmission not including PDSCH is subject to LBT and follows a single sensing interval of at least 25 µs. Correspondingly, it is considered that the same LBT category, i.e. the one where transmission follows an LBT without random back-off, is applied for the DRS transmission not including PDSCH in NR-U.
Proposal 8: DRS transmission not including PDSCH is subject to an LBT without random back-off at below 7 GHz, if the DRS duration is less than 1 ms.
In RAN1 #94bis, multi-beam configuration is discussed for DRS transmission. The whole DRS burst duration may be larger than 1ms when multi-beam operation is applied. The following two LBT options can be considered to support DRS transmission > 1ms.
1. Option 1: Cat.4 LBT before the whole DRS burst 
The gNB shall use Cat.4 LBT to acquire a COT for DRS burst transmission. The channel access priority class can be selected according to the DRS burst duration. For example, if the DRS burst duration is 2 ms, the gNB can use the highest channel access priority to perform Cat. 4 LBT.
2. Option 2: Multiple one-shot CCAs, each of which initiates partial of DRS burst with duration leass than 1ms
In this option, DRS burst can be divided into multiple portion, the duration of each portion is less than 1ms. Each DRS portion is subject to a one-shot CCA. If a one-shot CCA fails, the gNB can try a new attempt of transmitting corresponding DRS portion in the other candidate locations for such DRS portion within the DRS transmission window. The new attempt should also be subject to a one-shot CCA. Figure 3 illustrate an example of LBT for DRS transmission within the DRS transmission window of 5 ms assuming 30 kHz SCS, two SSBs per DRS transmission of 14 symbols, cyclic shifting of DRSs and 4 actually transmitted beams.
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Figure 3: 4-beam DRS transmission in a 5ms DRS transmission window

In comparison with option 1, option 2 has stronger channel access capability to improve the DRS transmission opportunity in DMTC. 
Proposal 9: LBT options to support DRS transmission with the DRS transmission burst longer than 1 ms are:
1. Cat.4 LBT before the whole DRS burst
2. Multiple one-shot CCAs, each of which initiates partial of DRS burst with duration less than 1ms

LBT for UL channels
In additional to baseline Cat.4 LBT and one-shot CCA within gNB acquired COT, several companies mentioned no-LBT or stand-alone one-shot LBT option for some specific UL channels (e.g., PUCCH, SRS, PRACH) [4].
ETSI regulation defines a short control signalling transmission mode, which can be used to transmit control information without sensing the channel for the presence of other signals. However, there is strict limits of using Short Control Signalling Transmission [5].
1. within an observation period of 50 ms, the number of Short Control Signalling Transmissions by the equipment shall be equal to or less than 50; and
2. the total duration of the equipment's Short Control Signalling Transmissions shall be less than 2500 μs within said observation period
According to these limitations, the transmission of PUCCH seems too frequent to be used as Short Control Signalling Transmission. However, RACH related UL transmissions and SRS may fulfill the use conditions.
Proposal 10: Outside of a gNB acquired COT, candidate UL signals to be transmitted without LBT or with single-shot LBT include RACH related UL transmissions and SRS. FFS: duration and periodicity of such signals.

7. 	LBT for Wideband (>20 MHz) operation
Different from LTE system, NR supports wider bandwidth operation. The maximum channel bandwidth per NR carrier is 100MHz for <6GHz and 400 MHz for 6~52.6GHz in Rel-15. As indicated in our previous contribution [3], there are hundreds of MHz of spectrum available in 5 GHz and 6 GHz unlicensed frequency bands and multiple GHz of spectrum available in the 60 GHz unlicensed band. Hence, NR-U shall also support wider bandwidth operation due to the benefit of higher spectrum utilization and lower baseband complexity. In the following, our discussion focuses on channel access for wider bandwidth operation in 5 GHz unlicensed spectrum. 
As agreed in RAN1 92bis [2]:
· 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.
The LBT can be performed in units of 20 MHz in 5 GHz unlicensed bands. 
To perform LBT on a wideband carrier, one potential way is to split a wideband carrier into multiple 20 MHz sub-bands. This is illustrated in Figure 3, considering subcarrier spacings of 15 kHz, 30 kHz, and 60 kHz. In ETSI regulation, two types of LBT mechanisms are defined for multi-channel operation.
· Type 1: Cat 4 LBT is performed on each 20 MHz operating channel individually.
· Type 2: Cat 4 LBT is performed on a selected primary channel. Other operating channels only need to perform a clear channel assessment (CCA) check of at least 25 us immediately before the transmission. And, the primary channel is a) chosen uniformly randomly, or b) arbitrarily determined and not changed more than once per second.
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Figure 3. Possible NR BWs for 4k FFT and different subcarrier spacings. “20” denotes a 20 MHz sub-band
Proposal 11: Existing multi-channel LBT operation defined in ETSI or LTE-LAA can be used as baseline channel access mechanism for NR-U with wider bandwidth for sub-7 GHz unlicensed bands.
Regardless of which type of multi-channel LBT operation is used, it may happen that only a subset of all 20 MHz sub-bands are ready for transmission. This brings a new challenge for wider bandwidth operation in unlicensed spectrum. One straightforward solution is that the device (gNB or UE) can wait for all 20 MHz bandwidth sub-bands to be ready for transmission (e.g., by means of deferred access). However, this approach results in very low channel utilization and puts wideband NR-U into unfavourable position in a coexistence scenario. Another potential solution is to support dynamic bandwidth adaptation according to the outcome of multi-channel LBT. Bandwidth adaptation can increase the efficiency of wideband operation dramatically. More details can be found in our companion contribution [7]. We see that this aspect needs to be carefully considered in the NR-U Study Item.
Proposal 12: LBT for wider bandwidth operation should be studied considering bandwidth adaptation, including operation with both Carrier Aggregation as well as Bandwidth Parts.


8. 	Conclusions
In this contribution, we have discussed different aspects related to channel access procedure for NR unlicensed. Based on the discussion, we make the following observations and proposals:

Channel access procedure for a shared gNB COT
Proposal 1:  In a gNB-acquired COT where the UE is a responding device, transmission of HARQ-ACK feedback immediately after a 16 µs gap following a DL transmission (where the 16 µs gap accommodates the transceiver turnaround) is supported in NR-U.   
Proposal 2: CP extension, Timing Advance, and symbol puncturing are feasible ways of creating a gap of less than 16 us between DL and UL transmissions (or vice versa) in NR-U, and should be supported.  
Proposal 3: Study and evaluate different options of LBT and gap duration for a shared gNB COT with multiple switching points.
Receiver assisted LBT
Observation 1: Hidden nodes may reduce UL channel access probability in unlicensed spectrum.
Proposal 4: The benefits of RTS/CTS-like receiver assisted LBT schemes require further discussion and study.
Proposal 5: Overbooked UL transmissions and UE reporting of channel sensing results can be considered as ways to increase UL access probability.
CWS maintenance for Cat.4 LBT
Proposal 6: Detailed solutions for CWS adjustment procedure is to be discussed in WI phase.
Directional LBT
Observation 2: single-beam (omni-directional SSB) operation is more efficient for NR-U below 7 GHz
Proposal 7 Directional LBT is not supported for NR-U in sub-7 GHz bands
LBT for different channels and signals
Proposal 8: DRS transmission not including PDSCH is subject to an LBT without random back-off at below 7 GHz, if the DRS duration is less than 1 ms.
Proposal 9: LBT options to support DRS transmission with the DRS transmission burst longer than 1 ms are:
3. Cat.4 LBT before the whole DRS burst
4. Multiple one-shot CCAs, each of which initiates partial of DRS burst with duration less than 1ms
Proposal 10: Outside of a gNB acquired COT, candidate UL signals to be transmitted without LBT or with single-shot LBT include RACH related UL transmissions and SRS. FFS: duration and periodicity of such signals.
LBT for Wideband (>20 MHz) operation
Proposal 11: Existing multi-channel LBT operation defined in ETSI or LTE-LAA can be used as baseline channel access mechanism for NR-U with wider bandwidth for sub-7 GHz unlicensed bands.
Proposal 12: LBT for wider bandwidth operation should be studied considering bandwidth adaptation, including operation with both Carrier Aggregation as well as Bandwidth Parts.
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