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1	Introduction
Until RAN1 #93, 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 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. However, no-LBT’s impact to coexistence fairness (especially to WiFi nodes) was not evaluated in LTE-LAA SI and WI. Whether no-LBT is valid for shared gNB initiated COT with single switching point should be further identified in NR-U.
Proposal 1: Study and evaluate no-LBT as one channel access option for shared gNB initiated COT with single switching point.
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 that 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. 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	UL Channel access enhancements   
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.
To minimize the impact of hidden nodes on UL transmission, over-booked UL scheduling can be considered. 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), 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 with a given duration. Based on the reported information, the gNB can schedule UEs with low interference for UL transmission.
Proposal 4: 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
In LTE LAA, the Cat.4 LBT operation follows an exponential random backoff mechanism based on contention window size (CWS) adjustment. As agreed in RAN1 #93, LTE-LAA channel access mechanism is adopted as baseline for NR-U. On top of the LTE mechanism, CWS maintenance procedures in NR-U should hence further consider some newly introduced aspects specific to New Radio.
1. More flexible HARQ feedback timing
In LTE-LAA, the CWS adjustment is based on received ACK/NACK feedbacks corresponding to a reference subframe. Due to flexible HARQ timing in NR, the determination of reference subframe for NR-U UL CWS adjustment should be studied further. In LAA UL, the reference subframe  is determined related to a timing . As more aggressive HARQ feedback timeline is supported in NR, a lower value can be considered in NR-U CWS adjustment.
2. Mini-slot based scheduling
A new feature in NR is the support of non-slot based scheduling. Consequently, the ACK/NACK feedback may subject to a non-slot based transmission. In LTE-LAA, there is only one ACK/NACK (per TB) for one UE in the reference subframe. However, taking non-slot based scheduling into account in NR-U, there may be more than one ACK/NACK received from a UE or the gNB associated with reference slot. Whether all these HARQ-ACKs or only the HARQ-ACK feedback for the first non-slot based transmission should be taken into account in CWS adjustment should be further studied. As the purpose of introducing exponential random backoff it to minimize the collision probability of multiple transmissions from different nodes, the HARQ-ACK feedback for the first PDSCH or PUSCH TB (including slot-based scheduling and non-slot based scheduling) is the most suitable metric to reflect the scope.
3. CBG based operation
In NR, separate HARQ operation is possible for different CBs (code blocks) of a TB. This mode of operation is denoted as CBG based operation. Therefore, impact on CWS management by CBG based operation should be studied for NR-U. The most straightforward approach is that one TB is considered as ACK only if all CBs are ACKed. If CB mapping is ”frequency first”, only taking HARQ-ACK feedback for some of the first CBs into account could be also a candidate approach for CWS adjustment.
Proposal 5: For CWS maintenance in NR-U, the impact from new features such as flexible HARQ timing, faster processing times, non-slot based scheduling, CBG based operation in NR should be studied.
5. 	Channel access for SSB and RMSI
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., 25 us one-shot LBT) is applied for the DRS and RMSI transmissions in NR-U as a baseline. As indicated in our companion contribution [4], SS/PBCH repetition is proposed be supported in NR-U to enhance coverage for NR-U DL. Assuming that LBT without random back-off can be performed for the transmissions of which duration is less than 1 ms, a repetition pattern with four consecutive SS/PBCH blocks within a DRS signal would be allowed to use such LBT category with 30 and 60 kHz SCS. Correspondingly, the RMSI transmission consisting of PDCCH and PDSCH can be transmitted within one slot and assuming e.g. 30 kHz SCS the gNB would be able to transmit RMSI having length of 0.5 ms using the LBT without random backoff.
Proposal 6: DRS transmission (with one of multiple SS/PBCH blocks) and the separate RMSI transmission uses an LBT without random back-off.
6. 	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:
Proposal 1: Study and evaluate no-LBT as one channel access option for shared gNB initiated COT with single switching point.
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.
Observation 1: Hidden nodes may reduce UL channel access probability in unlicensed spectrum.
Proposal 4: Overbooked UL transmissions and UE reporting of channel sensing results can be considered as ways to increase UL access probability.
Proposal 5: For CWS maintenance in NR-U, the impact from new features such as flexible HARQ timing, faster processing times, non-slot based scheduling, CBG based operation in NR should be studied.
[bookmark: _GoBack]Proposal 6: DRS transmission (with one of multiple SS/PBCH blocks) and the separate RMSI uses an LBT without random back-off.
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