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1	Introduction
NR-U study item discussed and studied several aspects related to channel access procedures, including LBT mechanisms, LBT options for different DL and UL channels, receiver assisted LBT, directional LBT, etc. Multiple options and design principles for channel access procedure have agreed and been captured into TR 38.899 [1].
In RAN1 Ad-hoc 201901 [2], the following agreements were made:
Agreement: 
· A gap (DLUL, ULUL, or UL DL) of a specific duration is created using one or more of:
· Timing Advance 
· CP extension 
· max value of not more than one OFDM symbol
· Shortening of DL or UL transmission duration by one or more OFDM-symbol(s) by puncturing or rate matching
· Note: the mechanisms applied in each case may be different for different SCSs
· FFS: how to signal the way of creating the gap to the UEs
Furthermore, RAN1 #96 has the following agreements:
Conclusion:
A common preamble and a common energy detection threshold between NR-U and other technologies for 5 and 6 GHz was discussed. There is no consensus on these aspects at this stage.
Conclusion:
Cat 2 is not used for initiating a UE transmission outside of a gNB COT for the following channels/signals (or any combination of them):
· PUSCH (with or without UCI), 
· SRS-only, 
· PUCCH-only
Note: 
· Cat 4 for these channels was already agreed during the study item
· This does not preclude the use of Cat 2 for transmission on a LBT bandwidth if it is allowed for the case of transmission on multiple LBT bandwidths
Agreement:
For initiation of a gNB transmission:
· LBT other than Cat 4 is not used for DRS multiplexed with unicast data
· LBT other than Cat 4 is not used for PDCCH and/or PDSCH transmission outside of DRS.
Note:
· This does not preclude the use of Cat 2 for transmission on a LBT bandwidth if it is allowed for the case of transmission on multiple LBT bandwidths

Agreement:
LBT other than Cat4 is not considered for UL transmissions that are part of a RACH procedure that initiate a channel occupancy
· Note: This does not preclude the use of Cat 2 for transmission on a LBT bandwidth if it is allowed for the case of transmission on multiple LBT bandwidths

Additionally, RAN#83 also concluded the following:
conclusion: no discussion about common preamble in RAN1 in Q2/2019; we will come back to this topic in RAN #84 (details will be clarified in the answer to IEEE)

The above referred LS in RP-190745 states: 
-	Both RAN1 WG and TSG-RAN have extensively discussed coexistence aspects, but did not find consensus for adopting a preamble for NR-U. As a consequence, and in accordance with the workplan outlined in the NR-U Work Item (http://www.3gpp.org/ftp/tsg_ran/TSG_RAN/TSGR_83/Docs/RP-190706.zip) RAN1 WG will not address proposals any further on adopting a preamble for NR-U.
-	Nevertheless, TSG-RAN is open for further discussions on new aspects and arguments regarding coexistence at its next meeting (3-6 June), and will check whether member company views have shifted towards a consensus on a common preamble for NR-U.   
In RAN1 #96bis, following agreements were made:
Conclusion:
If a category 2 LBT with a duration of 25 microseconds is required, no changes to the baseline method as followed in LAA for such LBT are needed
Agreement:
The following agreement from the SI is updated as shown:
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Agreement:
For a UCI-only transmission on PUSCH in a channel occupancy initiated by the UE, Cat4 with lowest channel access priority class value can be used by the UE
 
Agreement:
For LBT by a UE prior to transmission of a UL burst within a gNB-initiated channel occupancy as LBE device, for gap durations shorter than 25 microseconds, choose one of the following alternatives
· Alt 1: Cat 2 LBT can be indicated (FFS: explicit and/or implicit) to the UE if the gap is 16 microseconds (allowing for implementation tolerances)
· Alt 2: Cat 2 LBT is not indicated to the UE for gaps less than 25 microseconds
· Notes (applicable to both alternatives): 
· This means that the gNB ensures that gaps between 16 and 25 microseconds do not occur
· This doesn’t change the previous agreement for Cat 1 and Cat 2 LBT for gaps of 16 microseconds or less
· FFS: Conditions on channel occupancy after a Cat. 1 or Cat. 2 LBT after a gap of 16 microseconds or less

In this contribution, we discuss further details and remaining issues related to channel access procedure for NR unlicensed band operation.
[bookmark: _Hlk7682321]2	On Cat 2 LBT for a gap of 16 µs
The Cat 2 LBT derives from a 25 µs LBT option defined in LTE-LAA. The 25 µs duration consists of a duration  immediately followed by one slot duration  and includes an idle slot duration at start of . The channel can be considered as idle if it is sensed to be idle during the both slot durations of . Cat 2 LBT channel access procedure has been agreed to be reused in NR-U, in order to support DRS transmission alone or multiplexed with non-unicast data (e.g. OSI, paging, RAR) when the DRS duty cycle ≤1/20, and the total duration is up to 1 ms.
In RAN1#96bis, it was agreed that in addition to the case with a 25 µs LBT, Cat 2 may also be considered for a gap of 16 µs, with the aim of deciding on the support in RAN1#97. We note that gaps of 16 µs have been agreed to be used in NR-U already earlier, and in such case Cat1 LBT can be used. On the other hand, there is still discussion ongoing on possible restriction to maximum duration of a transmission following Cat1 LBT, as discussed in Section 3. 
Irrespective of whether some additional limitations to use of Cat1 LBT are introduced or not, we see that a 16 µs Cat2 LBT can also be a useful option to support in NR-U. For example, in the presence of hidden node, a Cat2 LBT may sometime be preferred option compared to Cat 1. Moreover, if limitation to the UL transmission supported with Cat1 LBT are introduced, it would be necessary to support also Cat2 LBT in a 16 µs gap to enable frequency domain multiplexing of all UEs in a cell. 
Proposal 1: For LBT by a UE prior to transmission of a UL burst within a gNB-initiated channel occupancy as LBE device, Cat 2 LBT can be indicated to the UE if the gap is 16 microseconds (allowing for implementation tolerances) 
· FFS: indication of the LBT type.

The LTE LAA Cat2 LBT definition does not directly fit to the case with gap being less than 25 µs. The duration and the location of the LBT slots in Cat 2 LBT should depend on the gap duration. We suggest the following definition for Cat 2 LBT:
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Figure 1. The proposed definition of Cat 2 LBT for LBT gap duration of 16 s. 
Proposal 2: When Cat 2 LBT applies within a COT in a gap of 16 µs, the sensing duration consists of a duration Tf = 7µs   immediately followed by one slot duration Tsl=9µs. The channel can be considered as idle if it is sensed to be idle during the durations of Tf and Tsl.
3	Channel access procedure for a shared gNB COT
In SI phase, 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. Channel access schemes for a DL burst following a UL burst within a gNB-initiated COT and channel access schemes for a UL burst within a gNB-initiated COT have been agreed. There are still two main open issues:
1. How is channel access mechanism for the case where the gap between a DL and UL transmission may be larger than 25 us?
To solve the issue, one potential way is to make the gap of two consecutive transmissions always less than 25 us.  As agreed in RAN1 AH201901, a gap (DLUL, ULUL, or UL DL) of a specific duration is created using one or more of “CP extension”, “timing advance”, and “Shortening of DL or UL transmission duration by one or more OFDM-symbol(s)”. 
In ETSI regulation, the operation for gap duration of two consecutive transmissions larger than 25 µs and less than 100 µs is not defined. We see two potential options to handle this case.
1. Extending the sensing duration. If the channel is sensed to be continuously idle after the previous transmitting (DL or UL), the next transmission (DL or UL) is allowed within the COT initiated by a gNB having multiple switching points.
2. Gap duration control. The gNB should control the gap of two consecutive transmissions not being larger than 25 µs and less than 100 us.
For the case of gap duration larger than 100 us, Cat.2 LBT should be allowed to resume the next transmission, as ETSI regulation already allows such behavior.

Proposal 3: Within a gNB-initiated COT, the gNB should ensure by scheduling that the gap between two consecutive transmissions is not in the range of 25 to 100 µs.
2. Any restriction for the duration of UL burst which is transmitted within a gNB-initiated COT subjects to no-LBT is required?
It is captured in TR 38.889, within a gNB-initiated COT, an UL burst for a UE consisting of one or more of PUSCH, PUCCH, PRACH, and SRS follows the channel access schemes in the following Table.
Table: Channel access schemes for a UL burst within a gNB-initiated COT as LBE device
	Cat 1 Immediate transmission 
	Cat 2 LBT
	Cat 4 LBT

	When the gap from the end of the DL transmission to the beginning of the UL burst is not more than 16 sec. Note: Maximum limits of the duration of the UL burst other than those already derived from MCOT duration limits should be further discussed when specifications are developed.
	For any of the following cases:
-	When the gap between any two successive scheduled/granted transmissions in the COT is not greater than 25 sec
-	For the case where a UL transmission in the gNB initiated COT is not followed by a DL transmission in the same COT
-	Note: the duration from the start of the first transmission within the channel occupancy until the end of the last transmission in the same channel occupancy shall not exceed 20 ms.
	N/A


“Maximum limits of the duration of the UL burst other than those already derived from MCOT duration limits” is to be discussed in WI phase.
According to ETSI regulatory requirement [3], no-LBT can be used if the gap between initiating device and responding device is at most 16 us. “The Responding Device may proceed with such transmissions without performing a Clear Channel Assessment (CCA) if these transmissions are initiated at most 16 μs after the last transmission by the Initiating Device that issued the grant.” As there is no additional restriction on the duration of transmission from responding device other than MCOT duration limit, we think the duration of a UL burst within a gNB-initiated COT only needs to comply with MCOT limit and further limitations, if any, should be motivated with co-existence results.
If the limiting of the duration of transmissions using Cat 1 LBT is deemed as necessary, we think that Cat 1 framework (Immediate transmission) should support at least transmission of HARQ-ACK at the beginning of a UL burst, i.e. PUCCH or PUSCH transmissions having a duration of up to 1 ms. Furthermore, since FDM of different UL channels is applied, Cat 1 LBT should be applicable to all UL channels in the same way irrespective of the signals they carry. If the maximum limit of the duration is defined for Cat 1, it should be possible for the UE to perform Cat2 LBT during the 16 sec gap, and when the channel is found to be free, use UL resources according to MCOT duration limit.     

Observation 1: According to ETSI requirements, Cat 1 Immediate transmission does not involve additional restriction on the duration of transmission from responding device other than MCOT duration limit
Proposal 4: Cat 1 framework should support at least HARQ-ACK transmission at the beginning of the UL burst
Proposal 5: If UE performs Cat2 LBT during the 16 sec gap, and the channel is found to be free, the UE can use UL resources according to MCOT duration limit.

4	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 µs 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 2: Hidden nodes may reduce UL channel access probability in unlicensed spectrum.


Figure 2. Hidden node issue for UL transmission in unlicensed spectrum.
During study item phase, 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 6: The benefits of RTS/CTS-like receiver assisted LBT schemes require further discussion and study.
One potential way to minimize the impact of hidden node issue in NR-U is to introduce UE assistance information, e.g., an energy detection report or a CSI-IM report. By evaluating the received measurement report, the gNB may be able to identify the UEs suffering from hidden nodes. As shown in Figure 3, in a gNB acquired COT, the gNB may trigger multiple UEs to perform a CCA operation (e.g., LBT Cat.2) and reports the level of received energy to the gNB. UEs, who fail LBT Cat.2, will not transmit a report to the gNB. Consequently, the gNB implicitly knows which UEs are interfered by hidden node. Furthermore, the gNB can evaluate the received energy detection reports, in order to schedule the UEs with low interference in the following COT.
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Figure 3: energy detection report for hidden node issue
Furthermore, above mechanism can be used together with over-booked UL scheduling and two-stage scheduling. As shown in Figure 4, the gNB could schedule UL transmissions for different UEs on the same time-frequency resource. By evaluating the received energy detection reports, the gNB can decide and trigger which UE performs UL transmission on over-booked time-frequency resource.
[image: ]
Figure 4: over-booked UL transmission
By above method, UL channel access probability can be greatly increased, which will improve the UL resource utilization.
Proposal 7: Overbooked UL transmissions and UE reporting of channel sensing results can be considered as ways to increase UL access probability.

5	CWS maintenance for Cat.4 LBT
It is agreed in NR-U SI that “for CWS adjustment procedure in NR-U, in addition to aspects considered in LTE LAA, 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 the following we consider related aspects.
Consideration of reference slot
In LTE-LAA, CWS update for DL/UL is based on the ACK/NACK feedback of TB(s) in reference subframe(s). Similar mechanism should be defined for NR-U as well.
In LAA DL, the reference subframe for CWS update is the starting subframe of the most recent eNB transmission on the carrier, for which at least some HARQ-ACK feedback is expected to be available. In LAA UL, the reference subframe is the first subframe or first two subframes (when the first subframe is a partial subframe) of a UL burst before n-3, where n is the subframe in which the UE receives an UL grant or AUL-DFI.
Although we should follow the same design principle in LAA/eLAA/feLAA as much as possible for reference subframe determination in NR-U, at least two new aspects need to be considered.
1. Slot structure
Flexible starting position is currently being discussed for both DL and UL in order to increase the transmission opportunities for a DL/UL transmission burst or an. Furthermore, two potential ways could be used to support multiple starting positions within a slot: 1. Mini-slot (Type B mapping) based approach; 2. Puncturing based approach. In case of mini-slot (or any rate-matching based) approach, there may be more than one ACK/NACK corresponding to multiple TBs in a slot. How to take multiple ACK/NACKs into account in CWS adjustment should be considered. In the case of puncturing based approach, a TB in a slot may be punctured. Hence, when a part of a TB is punctured, a TB-level NACK can often be. However, this NACK does not reflect accurately the contention situation on the channel, which is the original intention of CWS adjustment. Therefore, in both aforementioned cases some changes will be required to CWS maintenance procedure.  
2. Processing time
In NR, the processing time is much smaller than that in LTE. Therefore, the CWS adjustment minimum timing assumption of n-3 should be revisited.
Observation 3: The determination of the reference slot for CWS adjustment should take slot structure (partial slot or full slot) and processing time into consideration.

Consideration of CBGs
In LTE LAA, the DL CWS is updated based on the NACK ratio Z of the HARQ-ACKs for the TBs in a DL reference subframe. In LTE eLAA, the UL CWS is updated based on the ACK/NACK feedback for the TB(s) in the UL reference subframe(s). In NR, separate HARQ operation is possible for the level of CBGs (code block groups) even in one TB. How to define the rule for CWS maintenance for CBG based HARQ-ACK operation should be studied.
To guarantee the consistency between TB-level HARQ-ACK and CBG-level HARQ-ACK based CWS maintenance procedures, it is beneficial to define a mapping rule from CBG-level HARQ-ACK to TB-level HARQ-ACK. The following alternatives can be considered.
· Alternative 1: If all CBG-level HARQ-ACKs corresponding a TB are ACK(s), TB-level HARQ-ACK feedback for CWS adjustment is counted as ACK, otherwise, NACK.
· Alternative 2: If the first or last CBG-level HARQ-ACKs corresponding a TB is ACK, TB-level HARQ-ACK feedback for CWS adjustment is counted as ACK, otherwise, NACK. This alternative is based on frequency first CB mapping.
Proposal 8: Both alternatives can be considered in CWS adjustment to support CBG based HARQ-ACK operation:
· Alternative 1: If all CBG-level HARQ-ACKs corresponding a TB are ACK(s), TB-level HARQ-ACK feedback for CWS adjustment is counted as ACK, otherwise, NACK.
· Alternative 2: If the [first or last] CBG-level HARQ-ACKs corresponding a TB is ACK, TB-level HARQ-ACK feedback for CWS adjustment is counted as ACK, otherwise, NACK.
Consideration of wideband BWP (> 20 MHz)
In LTE-LAA, the CWSs are maintained separately in each 20 MHz carrier. At least for a band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), it is agreed that NR-U LBT can be performed in units of 20 MHz. The most straightforward solution is that the CWS maintenance is also done separately in each 20 MHz sub-band. 
In a wideband BWP, there may be TBs across multiple sub-bands. HARQ-ACK feedback should be taken into account in all corresponding sub-bands for CWS adjustment. If CBG based HARQ operation is supported for a wideband TB, HARQ-ACK feedback for CBGs within a sub-band are used for CWS adjustment in the corresponding sub-band.
Proposal 9: CWS maintenance is done separately in each 20 MHz sub-band.
In a wideband BWP, a single data transport block (TB), comprising of certain number of Code Blocks, may span multiple subbands, and a single HARQ-ACK for a TB covering multiple LBT subbands is insufficiently coarse. E.g. if there is interference resulting in failed decoding of some CBs on one LBT subband, HARQ-ACK will be “NACK” for the whole TB, and correspondingly CWS will be increased for all LBT subbands, leading to unnecessarily increased delays when accessing the channel for the interference-free LBT sub-bands.
Observation 4: Using HARQ-ACK of a wideband TB to adjust CWS for LBT subbands may lead to increased channel access delay.
In principle, CBG based HARQ-ACK feedback could assist also CWS adjustment in the case described above by providing a finer granularity for HARQ-ACK feedback. However, this approach has certain drawbacks:
· CB mapping in NR Rel-15 is done in frequency first, time second manner. This results in a single TB typically spanning multiple 20 MHz subbands, which essentially defeats the purpose of using CBG based feedback to distinguish between interference situation on different subbands.
· The granularity of CBG based HARQ-ACK feedback is unnecessarily fine (up to 8 CBGs) and CBs are distributed approx. equally between CBGs. This again contradicts the purpose of CWS adjustment, where the only thing that matters is the granularity of 20 MHz and CBs within an LBT sub-band. Configuring 8CBGs to better approximate LBT sub-band split will result in unnecessary signaling overhead.
· When configured, CBG based feedback is applied for all transport blocks. However, for CWS adjustment, this is unnecessary overhead, since the only thing that matters is whether the CWS should be adjusted according to the data received in the reference slot(s), that are typically located at the start of a DL or a UL burst. The later slots in the DL/UL burst do not need to be taken into account in CWS maintenance, and therefore also CWG based HARQ-ACK feedback is not needed for those slots.
One potential enhancement could be introducing a new feedback to assist CWS adjustment per sub-band. Taking the DL CWS adjustment as an example, the UE could report its suggestion of how to adjust CWS per subband to the gNB together with existing ACK/NACK feedback in UCI.
Proposal 10: Study new feedback to assist CWS adjustment per sub-band.
6. 	Directional LBT
The need for multi-beam (multi-SSB) NR-U operation at sub-7 GHz is unclear. As discussed in [4], 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 5: 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 11: Directional LBT is not supported for NR-U in sub-7 GHz bands

7. 	LBT for different channels and signals
LBT for DRS with transmission duration > 1 ms
In RAN1 #94bis, multi-beam configuration was discussed for DRS transmission. The duration of the whole DRS burst may be larger than 1 ms when multi-beam operation is applied. In RAN1#96bis, it was agreed that for DRS transmission, also Cat4 LBT with any channel access priority class can be used. Naturally, the choice of the channel access priority class will also depend on the duration of DRS, as e.g. highest priority classes can only be applied with limited transmission durations.
One of the remaining aspects to decide with respect to LBT for DRS is the number of Cat2 LBT attempts allowed. In LTE LAA, there in principle 5 possible starting positions for the DRS, and correspondingly Cat2 LBT may be attempted up to 5 times in a DRS transmission window. 
Although there are no regulatory limitations for how often a Cat2 LBT may be attempted prior to a transmission of short control signals, one can observe that infinitely fine granularity for starting points (and correspondingly, large number of Cat2 LBT attempts) is not fully in line with the spirit of Cat2 LBT operation. Based on the agreements on NR-U DRS design so far, it seems that a realistic upper bound for starting points for DRS transmission is 20, i.e. before every half-slot, assuming 30 kHz subcarrier spacing and 5 ms DRS transmission window. Allowing for Cat2 LBT to be used prior to each possible DRS starting point would mean a four-times increase to the maximum number of LBT attempts in a cell. In our view, this flexibility may be more than enough, and on the other hand might also require further verification of its impact on other systems operating on the same spectrum. Therefore, we think it is sufficient to keep the maximum number of Cat2 LBT attempts for DRS at 5 for DRS transmission window. Note however, that this does not pose restrictions to the actual starting positions for DRS transmission, as Cat4 can be used in addition.    
Proposal 12: The maximum number of Cat2 LBT attempts in each DRS transmission window is 5 (as in LTE LAA)
· Additionally, Cat 4 LBT can also be used for DRS transmission  

As for transmission of DRS having a duration of more than 1 ms, following options can be envisioned:
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. As agreed in RAN1#96bis, 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.
Option 2: Multiple one-shot CCAs, each of which initiates partial of DRS burst with duration less 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. The downside of this alternative is that because of the limitations related to the duty cycle, transmitting DRS for multiple beams may require fairly large periodicity.
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Figure 3: 4-beam DRS transmission in a 5ms DRS transmission window

Option 3: Use both Cat2 and Cat4 LBT 
A third option is to firstly rely on Cat 2 LBT within the regulatory limits (i.e. 5% duty cycle, 1 ms maximum duration), and in case that does not suffice, transmit the remaining part of DRS with Cat 4 LBT. In practical terms, this would mean splitting the DRS into two separate configurations, each having independently defined parameters (QCL assumptions, periodicity/offset, etc.) and contents, such that the first configuration applies Cat 2 LBT and the second one uses Cat 4 LBT with e.g. highest channel access priority class. This allows for transmitting the most critical DRS information with Cat 2, while Cat 4 can be used for less important contents (or any contents not fitting into Cat 2 definition). However, the exact DRS contents of each configuration can be up to gNB to decide. Moreover, in case DRS transmission with Cat 2 LBT fails frequently, Cat 4 could be used to provide additional opportunities for DRS transmission.
In comparison with option 1, option 2 has higher likelihood of accessing the channel, thereby improving the chances of transmitting DRS within a DMTC. On the other hand, to comply with the agreed limitations related to the duty cycle of DRS, it may be necessary to transmit DRS less often in this case. Option 3 seems to provide the best trade-off between using of Cat 2 and Cat 4, as it essentially combines those. 

Proposal 13: To support DRS transmissions not meeting the criteria for SCS (5% duty cycle, 1 ms duration), DRS can be split into two configurations, where the first DRS configuration uses Cat 2 LBT, and the second DRS configuration uses Cat 4 LBT. Exact interaction between the two configurations is FFS. 


8. 	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. 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, LBT can be performed in units of 20 MHz in 5 GHz unlicensed bands.:
· 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.
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 µs 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 14: 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.
In addition to sub-band LBT (e.g. 20 MHz), wideband LBT spanning more than one 20 MHz channel is also proposed by some companies. The wideband LBT performs a wideband clear channel assessment and shares one backoff counter among multiple subbands. From coexistence point of view, it is not clear whether such operation is a fair solution when competing with legacy devices (LAA and WiFi). Furthermore, it is not allowed according to current ETSI regulation.
Proposal 15: Do not support wideband LBT spanning more than one 20 MHz channel as a candidate channel access option in NR-U wideband operation.

9. 	LBT and COT Sharing for configured grant
In “Enhancements to LTE operation in unlicensed spectrum”, both Type 1 and Type 2 UL channel access are supported for AUL transmission.
1. AUL is allowed within the eNB acquired COT and Type 2 channel access (25 µs one-shot LBT) should be performed before the AUL transmission starts.
2. The UE could also use Cat.4 LBT to acquire its own COT to perform AUL transmission. Furthermore, this COT is allowed to be shared with the eNB for sending DL control signaling, including AUL-DFI or UL grant, to the UE which acquired the COT within remaining COT. The duration of the DL transmission is limited to up to 2 symbols.
We see that similar channel access procedures can be introduced in NR-U for UL transmission with configured grants. Further enhancements to LBT procedure (e.g., CWS adjustment) could also be considered due to new features in NR, such as faster processing time.
Proposal 16: UL transmissions with configured grants should use channel access procedure defined in LTE WI “Enhancements to LTE operation in unlicensed spectrum” as a baseline. Further enhancements to LBT procedure (e.g., CWS adjustment) could also be considered due to new features in NR. 
Another enhancement for COT sharing is that DL broadcast signalling and scheduled DL data to the UE that initiated the COT could be also considered within a COT acquired by a UE. Such operation can improve the efficiency of channel usage in NR-U and also complies with regulatory requirements.
Proposal 17: DL broadcast signalling and scheduled DL data to the UE that initiated the COT could be also considered within a COT acquired by a UE. FFS: further details.


10. 	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:

On Cat 2 LBT for a gap of 16 µs
Proposal 1: For LBT by a UE prior to transmission of a UL burst within a gNB-initiated channel occupancy as LBE device, Cat 2 LBT can be indicated to the UE if the gap is 16 microseconds (allowing for implementation tolerances) 
· FFS: indication of the LBT type.

Proposal 2: When Cat 2 LBT applies within a COT in a gap of 16 µs, the sensing duration consists of a duration Tf = 7µs   immediately followed by one slot duration Tsl=9µs. The channel can be considered as idle if it is sensed to be idle during the durations of Tf and Tsl.
Channel access procedure for a shared gNB COT
Proposal 3: Within a gNB-initiated COT, the gNB should ensure by scheduling that the gap between two consecutive transmissions is not in the range of 25 to 100 µs.
Observation 1: According to ETSI requirements, Cat 1 Immediate transmission does not involve additional restriction on the duration of transmission from responding device other than MCOT duration limit
Proposal 4: Cat 1 framework should support at least HARQ-ACK transmission at the beginning of the UL burst
Proposal 5: If UE performs Cat2 LBT during the 16 sec gap, and the channel is found to be free, the UE can use UL resources according to MCOT duration limit.
Receiver assisted LBT
Observation 2: Hidden nodes may reduce UL channel access probability in unlicensed spectrum.
Proposal 6: The benefits of RTS/CTS-like receiver assisted LBT schemes require further discussion and study.
Proposal 7: 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
Observation 3: The determination of the reference slot for CWS adjustment should take slot structure (partial slot or full slot) and processing time into consideration.
Proposal 8: Both alternatives can be considered in CWS adjustment to support CBG based HARQ-ACK operation:
· Alternative 1: If all CBG-level HARQ-ACKs corresponding a TB are ACK(s), TB-level HARQ-ACK feedback for CWS adjustment is counted as ACK, otherwise, NACK.
· Alternative 2: If the [first or last] CBG-level HARQ-ACKs corresponding a TB is ACK, TB-level HARQ-ACK feedback for CWS adjustment is counted as ACK, otherwise, NACK.
Observation 4: Using HARQ-ACK of a wideband TB to adjust CWS for LBT subbands may lead to increased channel access delay.
Proposal 10: Study new feedback to assist CWS adjustment per sub-band.
Directional LBT
Observation 5: Single-beam (omni-directional SSB) operation is more efficient for NR-U below 7 GHz
Proposal 11: Directional LBT is not supported for NR-U in sub-7 GHz bands
LBT for different channels and signals
Proposal 12: The maximum number of Cat2 LBT attempts in each DRS transmission window is 5 (as in LTE LAA)
· Additionally, Cat 4 LBT can also be used for DRS transmission  
Proposal 13: To support DRS transmissions not meeting the criteria for SCS (5% duty cycle, 1 ms duration), DRS can be split into two configurations, where the first DRS configuration uses Cat 2 LBT, and the second DRS configuration uses Cat 4 LBT. Exact interaction between the two configurations is FFS. 
LBT for Wideband (>20 MHz) operation
Proposal 14: 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 15: Do not support wideband LBT spanning more than one 20 MHz channel as a candidate channel access option in NR-U wideband operation.
LBT and COT Sharing for configured grants
Proposal 16: UL transmissions with configured grants should use channel access procedure defined in LTE WI “Enhancements to LTE operation in unlicensed spectrum” as a baseline. Further enhancements to LBT procedure (e.g., CWS adjustment) could also be considered due to new features in NR. 
Proposal 17: DL broadcast signalling and scheduled DL data to the UE that initiated the COT could be also considered within a COT acquired by a UE. FFS: further details.
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Table 7.2.1.3.1 - 1: Channel access scheme s for  initiating a COT by   gNB as LBE device  

 Cat 2 LBT  Cat 4 LBT  

DRS alone or multiplexed with  non - unicast data (e.g. OSI,  paging, RAR)   W hen the DRS duty cycle  ≤1/20, and the total duration is  up to 1 ms: 25 µs Cat 2 LBT is  used (as in LAA)  When DRS duty cycle is >  1/20, or total duration > 1 ms   Cat4 with any channel access  priority class value can be  used   

DRS multiplexed with unicast  dat a   N/A except for the cases  discussed in the Note below  Channel access priority class  is selected according to the  multiplexed data  

PDCCH and PDSCH  N/A except for the cases  discussed in the Note below  Channel access priority class  is selected according to   the  multiplexed data  
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