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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]. The latest approved WID is in RP-191575.Furthermore, RAN#84 also endorsed priorities for the remaining work in the NR-U WI in RP-191581. For channel access the following points are identified as either essential or optimization:
Essential
· 16us cat 2 LBT detailed design
· [bookmark: _Hlk16500867]Signaling support for LBT type/priority indication
· CWS adjustment, including reference slot definition, processing timeline, what if no feedback expected or available, CWS adjustment for wideband operation and CG
· Channel access mechanism details for FBE
· UE to gNB COT sharing
Optimizations
· [bookmark: _Hlk16756201]Max TX duration follow cat 1 LBT
· Max number of Cat 2 LBT attempts in a 5ms DRS transmission window
· Wideband LBT with common measurement
· Directional LBT
· LBT to facilitate spatial reuse
· Receiver assisted LBT
The agreements made during the NR-U WI are summarized in the APPENDIX. In this contribution, we discuss further details and remaining issues related to channel access procedure for NR unlicensed band operation.
[bookmark: _Hlk16844746]2	16us cat 2 LBT detailed design
In RAN1#97 it was agreed to support 16 µs Cat2 LBT: 
Agreement:
For LBT by a UE prior to transmission of a UL burst within a gNB-initiated channel occupancy as an LBE device, for gap durations shorter than 25 microseconds, Cat 2 LBT can be indicated (FFS: explicit and/or implicit) to the UE if the gap is 16 microseconds (allowing for implementation tolerances)
Note: this is the Alt 1 identified in RAN1#96bis
Agreement:
Select one of the following alternatives for Cat2 LBT in a 16 us gap. 
· Alt 1: The 16us measurement period is split into two slots with the first slot having a duration 7us and second slot having a duration of 9us. 
· Energy measurement is done in the 9us slot with the measurement including averaging for at least 4 us in any portion of the slot. LBT is said to be successful if the measured energy is lower than the ED threshold. 
· Alt 2: The 16us measurement period is split into two slots with the first slot having a duration 7us and second slot having a duration of 9us. 
· Energy measurement is done in both the 7us and 9us slot with the measurement including averaging for at least 4 us in any portion of each slot. LBT is said to be successful if the measured energy is lower than the ED threshold in both slots. 
· Alt 3: Energy measurement is done in any portion of the 16 us duration including averaging for at least 4 us. LBT is said to be successful if the measured energy is lower than the ED threshold. 
The remaining question is where exactly the energy measurement should take place within the 16 µs gap.  
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 . The LTE LAA Cat2 LBT definition does not directly fit to the case where the duration of the gap is 16 µs. Nevertheless, we see that a similar definition as in the case of a 25 µs LBT is preferable, as it guarantees that e.g. interfering transmissions having small gaps coinciding with the 16 µs gap will not go unnoticed. Therefore, we propose to adopt the Alt 2 identified in RAN1#97, i.e. the 16us measurement period is split into two slots with the first slot having a duration 7us and second slot having a duration of 9us, and energy measurement is done in both the 7us and the 9us slot with the measurement including averaging for at least 4 us in any portion of each slot. LBT is said to be successful if the measured energy is lower than the ED threshold in both slots.
[image: ]
Figure 1. The proposed definition of Cat 2 LBT for LBT gap duration of 16 s. 

Proposal 1: Alt 2 from RAN1#97 is adopted as the definition for 16 µs LBT:
· The 16us measurement period is split into two slots with the first slot having a duration 7us and second slot having a duration of 9us. 
· Energy measurement is done in both the 7us and 9us slot with the measurement including averaging for at least 4 us in any portion of each slot. LBT is said to be successful if the measured energy is lower than the ED threshold in both slots. 
3		Signaling support for LBT type/priority indication
One of the open items identified as essential is the indication of LBT related information for the UE. When operating within a shared gNB-acquired COT, the UE does not know what LBT type, CAPC and gap duration it should assume unless it is told by the gNB. A few different cases can be identified:
Scheduled UL transmissions:
For a PUSCH transmission scheduled within a shared COT, it is natural to including in to the UL grant an indication of the information necessary for the UE to perform LBT. in LTE LAA the following fields are present in the UL grant:
· Channel Access Priority Class (2 bit)
· Channel Access type (1 bit) 
· PUSCH starting position (2bit)
We see that similar information is also necessary in the case of NR-U, and should be included into each UL grant. It may be further discussed exactly how to signal e.g. the PUSCH starting position for the UE, once more details of the possible PUSCH starting positions are clear.
Proposal 2: UL grant includes an indication of at least:
· Channel Access Priority Class, Channel Access type, and PUSCH starting position

Non-scheduled UL transmissions:
In addition to PUSCH, one needs to also consider UL transmissions that are not scheduled with an UL grant. Such transmissions include e.g. PUCCH, PRACH, SRS and to some extent also CG PUSCH. When these signals or channels are transmitted within a shared gNB COT, the UE needs to be informed of the type of LBT applicable, and in case of CG-PUSCH, potentially also about the CAPC the gNB assumes. In LTE LAA, common DCI (PDCCH scrambled with CC-RNTI) is used for conveying cell-common information applicable for all UEs, such as whether AUL transmission are allowed within an eNodeB COT. Similarly, in NR-U GC-PDCCH could be utilized for conveying necessary information. Additionally, it PUCCH related information may potentially be conveyed with a DL assignment too, to avoid situations where erroneous reception of GC-PDCH prevents a UE from transmitting HARQ feedback.
Proposal 3: LBT related information for transmissions other than PUSCH can be conveyed via GC-PDCCH and possibly also via DL assignments.
4		CWS adjustment
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). In RAN1#98, similar mechanisms were agreed to be used for NR-U as well:
Agreement:
For a gNB initiated channel occupancy the reference duration for CWS adjustment is defined as follows.
· For a CO with unicast PDSCH(s) and for each set of LBT bandwidths for which a single contention window is maintained, the reference duration for CWS adjustment is from the beginning of the CO until the end of the first slot where at least one unicast PDSCH is transmitted over all the resources allocated for the PDSCH, or until the end of the first transmission burst by the gNB that contains unicast PDSCH(s) transmitted over all the resources allocated for the PDSCH, whichever occurs earlier. 
· If the CO has a unicast PDSCH, but doesn’t have any unicast PDSCH transmitted over all the resources allocated for that PDSCH, then, the duration of the first transmission burst by the gNB within the CO that contains unicast PDSCH(s) is the reference duration for CWS adjustment.
Agreement:
For a UE initiated channel occupancy the reference duration for CWS adjustment is defined as follows.
· For a CO with PUSCH(s) and for each set of LBT bandwidths for which a single contention window is maintained, the reference duration for CWS adjustment is from the beginning of the CO until the end of the first slot where at least one PUSCH is transmitted over all the resources allocated for the PUSCH, or until the end of the first transmission burst by the UE that contains PUSCH(s) transmitted over all the resources allocated for the PUSCH, whichever occurs earlier. 
· If the CO has a PUSCH, but doesn’t have any PUSCH transmitted over all the resources allocated for that PUSCH, then, the duration of the first transmission burst by the UE within the CO that contains PUSCH(s) is the reference duration for CWS adjustment.
Agreement:
For a gNB initiated channel occupancy, for a DL burst without unicast PDSCH and with one or multiple UL grants, and for each set of LBT bandwidths for which a single contention window is maintained, CWS adjustment is based on the success or failure (FFS: CB, CBG, or TB) of reception of PUSCH transmissions in the granted resources
· FFS: Details of CWS adjustment based on the reception of a successful transmission
· FFS: Handling of PUCCH/PRACH/SRS and PUSCH without UL-SCH

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. 
In NR, the UEs processing time between a reception of DL assignment and the transmission of the corresponding UL grant, as well as gNBs processing time for decoding a UL data packet are much smaller than in LTE. Therefore, the CWS adjustment minimum timing assumption of n-3 should be revisited. Given that the processing timeline in NRU allows for HARQ feedback much faster than that of LTE LAA, we no longer see a need to condition the CWS update on the availability of HARQ feedback. Instead, CWS update can simply rely on the correct reception of data at the start of the latest DL or UL burst. This would significantly simplify the specifications, as e.g. UE capability or numerology specific exception could be avoided. Furthermore, this behavior would also be aligned with that of Wi-Fi. 
Proposal 4: Reference burst definition is always the same irrespective of availability of HARQ feedback.  

Criteria for CWS reset
One further question is the criterion for determining whether there has been a collision on the reference resources. For LTE LAA, the following definition has been used [37.213]. 
DL / eNodeB:




“…	if at least  of HARQ-ACK values corresponding to PDSCH transmission(s) in reference subframe are determined as NACK, increase  for every priority class to the next higher allowed value and remain in step 2; otherwise, go to step 1.
UL / UE:

“If the NDI value for at least one HARQ process associated with HARQ_ID_ref is toggled, or if the HARQ-ACK value(s) for at least one of the HARQ processes associated with HARQ_ID_ref received in the earliest AUL-DFI after +3 indicates ACK. 


-	For every priority class set ”
In other words, for DL, if at least 20 % of feedback is ACKs, the CWS shall be reset to its minimum value, while for UL the CWS is reset if at least one ACK is received. The related description in ETSI EN 301893 stands: 
“When the Channel Occupancy has completed, and it has been confirmed that at least one transmission that started at the beginning of the Channel Occupancy was successful, the Initiating Device proceeds with step 1) otherwise the Initiating Device proceeds with step 8).”
To keep things simple and maximally aligned with other standards, we see that NR-U should follow the same principle as LTE LAA UL, i.e. CWS is reset if ACK is received for any of the transmissions in the reference burst. This includes both TB as well as CBG based feedback, i.e. a single correctly received CBG in the reference burst triggers a CWS reset.
Proposal 5. CWS is set to its minimum value after it has been confirmed that at least one transmission (TB or CBG) in the reference burst was successfully received.  
CWS Maintenance for Wideband Operation
Another question is how to adjust CWS in the case of wideband operation, where the transmissions span multiple LBT subbands. As agreed in RAN1#97, two cases can be identified: a single contention window spanning multiple LBT subbands, and an equal number of LBT subbands and CWs. In our view, for both these cases a simple extension of the approach in Proposal 5 can be applied.
In the case of HARQ (TB or CBG based) feedback spanning multiple LBT subbands, while the contention window is maintained per subband, contention window is reset if The HARQ-ACK value corresponding to a reference burst is assumed NACK if all the TBs or CBGs of the reference PDSCH(s)/PUSCH(s) that fall partially or fully in the LBT subband are NACKs.
For the case when a single contention window is maintained for a set of at least two LBT subbands, the CW is reset for all those subbands if at least one ACK (TB or CBG) is received for the reference burst. Otherwise, CWS is increased
Proposal 6: For HARQ (TB or CBG based) feedback spanning multiple LBT subbands, while CW is maintained per subband, CW is reset if the HARQ-ACK value corresponding to a reference burst is assumed NACK if all the TBs or CBGs of the reference PDSCH(s)/PUSCH(s) that fall partially or fully in the LBT subband are NACKs. Otherwise, the CWS is increased.
Proposal 7: For the case when a single CW is maintained for a set of at least two LBT subbands, CW is reset for all those subbands if at least one ACK (TB or CBG) is received for the reference burst. Otherwise, the CWS is increased.
CWS maintenance for signals / channels without feedback (e.g. DRS)
Another aspect that needs to be considered is contention window size determination for channels and signals for which there is no explicit feedback. For data channels, the CWS is increased in case a collision is detected, i.e. data in the reference burst is not received correctly and a NACK is received or a retransmission is scheduled. However, HARQ feedback is not in place only for shared channels (PDSCH and PUSCH), while for channels and signals such DRS, PRACH preamble, SRS, PUCCH, and PUSCH with UCI only similar feedback mechanism does not exist.
It has earlier been agreed that the above listed channels may use Cat4 LBT with lowest channel access priority class value. Since updating the CWS for these channels is in practise impossible a logic consequence is that CWS is always kept at the minimum value.
Proposal 8. For channels and signals without explicit feedback, the CWS is always kept at its minimum value.
CWS maintenance for Configured Grants
Besides for scheduled transmissions, channel access of CG PUSCH also needs attention. As a starting point, we may consider the Rel-15 LAA AUL solution, summarized with the two agreements below:
RAN1#91:
Agreement:
· If the UE receives a UL grant or an AUL-DFI, the contention window size for all the priority classes is adjusted as following:
· The contention window size at the UE is reset for all the priority classes if: 
·  A UL grant is received and the NDI bit for at least one of the active HARQ processes (i.e. TB not disabled) associated with HARQ_ID_ref is toggled ; OR
· An AUL-DFI is received and indicates ACK for at least one of the active HARQ processes (i.e. TB not disabled) associated with HARQ_ID_ref
· The contention window size of all priority classes at the UE is increased to the next higher value if:
· A UL grant is received and the NDI bit(s) of all the active HARQ processe(s) for the reference subframe are not toggled; OR
· A UL grant is received and does not schedule any active HARQ process (i.e. TB not disabled) for the reference subframe; OR
· An AUL-DFI is received which does not indicate ACK for at least one of the active HARQ processes for the reference subframe.
· The CWS is reset to the minimum value if the maximum CWS is used for K consecutive LBT attempts for transmission only for the priority class for which maximum CWS is used for K consecutive LBT attempts. 
· K is selected by UE implementation from the set of values from (1, …,8).
· The NDI value(s) received in the UL grant or the HARQ-ACK value(s) received in the earliest AUL-DFI after n_ref+3 is used for adjusting the CWS, where n_ref is the reference subframe.
· HARQ_ID_ref is the HARQ ID of n_ref.
· RAN1 shall specify the CWS adjustment for the case of no A/N reception until which the UE is not allowed to perform Cat.4 LBT and transmit AUL in case of no A/N  or UL grant reception.
· FFS: Handling of ACK/NACK or UL grant in case multiple consecutive recent Cat.4 LBT AUL bursts were transmitted without waiting for any AUL-DFI or UL grant.
RAN1#92:
Agreement:
Before a UE starts to transmit an AUL burst, the UE adjusts the CWS according with the following conditions:
· If there exist at least one previous Cat.4 LBT UL transmission, from the start subframe of which, N or more subframes have elapsed and neither UL grant nor AUL Downlink Feedback Information is received, where N = max (X, corresponding UL burst length+1) if X > 0 and N = 0 otherwise
· X is a RRC configured value, where
· X is equal to 0 or 5 subframes if the absence of other technologies on the same carrier cannot be guaranteed.
· X is equal to 0 or 10 subframes if the absence of other technologies on the same carrier can be guaranteed.
· For each such previous Category 4 LBT (SUL/AUL) transmission from the start subframe of which, N or more subframes have elapsed and neither UL grant nor AUL Downlink Feedback Information is received
· The contention window size of all priority classes at the UE is increased to the next higher value
· Each such previous Category 4 LBT transmission is used to adjust the CWS only once
· else if the UE starts a new Cat4. LBT UL transmission before N subframes have elapsed from the previous CAT.4 LBT and neither UL grant nor AUL Downlink Feedback Information is received, the CWS is unchanged. 
· if the UE receives feedback for one or more previous Category 4 LBT (SUL/AUL) transmission from the start subframe of which, N or more subframes have elapsed and neither UL grant nor AUL Downlink Feedback Information was received, it may recompute the CWS as follows:
· Step 1: it reverts the CWS to the value used to transmit the first burst of such previous Category 4 LBT transmission(s) 
· Step 2: it updates the CWS sequentially in order of the transmission of bursts:
· if the feedback indicates ACK for the first subframe of the burst, CWS is reset
· else (if the feedback indicates NACK or there is no feedback for the first subframe of the burst), the CWS is doubled 
· If the UE contention window size changes while a category 4 LBT procedure is ongoing, the UE draws a new random backoff counter and applies it to the ongoing LBT procedure

In principle, CG transmission do not differ much from scheduled UL transmissions from CWS adjustment point of view. E.g. the definition of the reference burst could be the same as for scheduled UL transmissions. In LTE AUL, certain rules were defined for the case when feedback (AUL-DFI or an UL grant) is not received, such that after a predetermined time (set with*RRC signaling) has passed without feedback, a NACK is assumed and CWS is increased. The motivation for such timer was the relatively large processing time at the eNodeB as well as in the UE. On the other hand, similar timer may no longer be necessary in NR-U, where processing times are significantly faster. This would mean that CWS update procedure for CG *PUSCH could be basically the same as for other channels.
Proposal 9. Reference burst definition and CWS adjustment procedure for CG PUSCH follows the same principle as scheduled transmissions. 
5		Channel access mechanism details for FBE
Channel access for NR-U following ETSI’s definition for Frame Based Equipment (FBE) requires some attention. Before concluding on the detailed signaling support for FBE, it is necessary to first confirm under what assumptions FBE operation is envisioned to happen, especially with respect to UL transmissions.
From the gNB point of view, operation according to ETSI’s FBE rules can easily be realized as a simple implementation choice, without a need for further signaling support. The only specification impact seems to relate to 37.213, where FBE rules for gNB will need to be captured.
For the UE, the necessity of FBE specific channel access support depends on the envisioned mode of operation. In particular, the key aspect is whether the UE is expected to initiate COTs by itself, or if all UL transmissions shall occur within gNB-initiated channel occupancy. In the latter case it appears that the signaling designed to load based equipment (LBE) case is likely already sufficient, as the gNB can indicate the appropriate LBT type for the UE to apply in the UL transmissions. Hence the UE might not even need to know that it operates in a cell where the gNB follows FBE rules, as long as gNB ensures by scheduling that ETSI standards are complied with. Therefore, in the interest of time we propose to focus in Rel-16 in supporting FBE with minimal specification impact, such that all UL transmission occur within gNB-initiated channel occupancy.    
Proposal 10. For FBE in Rel-16, all UL transmissions occur within gNBs channel occupancy. Consequently, FBE channel access related specification impact is limited to capturing gNBs channel access rules into 37.213.

6		UE to gNB COT sharing
Another enhancement for COT sharing is that DL broadcast signalling and scheduled DL data for the UE that initiated the COT could be also transmitted 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. We note that while in LTE LAA (Rel-15) this functionality is only supported for AUL, in principle UE-to-gNB COT sharing could be applicable to any UE initiated COTs, including scheduled UL transmissions.
Proposal 11: Transmission of DL broadcast signaling and scheduled DL data for the UE that initiated the COT are supported within a COT acquired by a UE. 
To facilitate COT sharing, the UE will need to provide to the gNB COT related information so that gNB’s transmissions are aligned with the assumptions UE used when acquiring the COT. Such information includes at least CAPC, (remaining) duration of the COT, and possibly also information related to the TX power assumed when acquiring the COT.  
Proposal 12: To facilitate COT sharing, the UE will need to provide to the gNB information about CAPC, COT structure/duration, and possibly also the TX power assumed when acquiring the COT.
7		Max TX duration following cat 1 LBT
It is captured in TR 38.889, that 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 requirements [3], immediate transmission 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 13: Cat 1 framework should support at least HARQ-ACK transmission at the beginning of the UL burst
Proposal 14: 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.
8	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 15: 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.
[image: ]
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 16: Overbooked UL transmissions and UE reporting of channel sensing results can be considered as ways to increase UL access probability.

9. 	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 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 17: Directional LBT is not supported for NR-U in sub-7 GHz bands

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:
16us cat 2 LBT detailed design
Proposal 1: Alt 2 from RAN1#97 is adopted as the definition for 16 µs LBT:
· The 16us measurement period is split into two slots with the first slot having a duration 7us and second slot having a duration of 9us. 
· Energy measurement is done in both the 7us and 9us slot with the measurement including averaging for at least 4 us in any portion of each slot. LBT is said to be successful if the measured energy is lower than the ED threshold in both slots. 
Signaling support for LBT type/priority indication
Proposal 2: UL grant includes an indication of at least:
· Channel Access Priority Class, Channel Access type, and PUSCH starting position
Proposal 3: LBT related information for transmissions other than PUSCH can be conveyed via GC-PDCCH and possibly also via DL assignments.
CWS adjustment
Proposal 4: Reference burst definition is always the same irrespective of availability of HARQ feedback.  
Proposal 5. CWS is set to its minimum value after it has been confirmed that at least one transmission (TB or CBG) in the reference burst was successfully received.  
Proposal 6: For HARQ (TB or CBG based) feedback spanning multiple LBT subbands, while CW is maintained per subband, CW is reset if the HARQ-ACK value corresponding to a reference burst is assumed NACK if all the TBs or CBGs of the reference PDSCH(s)/PUSCH(s) that fall partially or fully in the LBT subband are NACKs. Otherwise, the CWS is increased.
Proposal 7: For the case when a single CW is maintained for a set of at least two LBT subbands, CW is reset for all those subbands if at least one ACK (TB or CBG) is received for the reference burst. Otherwise, the CWS is increased.
Proposal 8. For channels and signals without explicit feedback, the CWS is always kept at its minimum value.
Proposal 9. Reference burst definition and CWS adjustment procedure for CG PUSCH follows the same principle as scheduled transmissions. 
Channel access mechanism details for FBE
Proposal 10. For FBE in Rel-16, all UL transmissions occur within gNBs channel occupancy. Consequently, FBE channel access related specification impact is limited to capturing gNBs channel access rules into 37.213.
UE to gNB COT sharing
Proposal 11: Transmission of DL broadcast signaling and scheduled DL data for the UE that initiated the COT are supported within a COT acquired by a UE. 
Proposal 12: To facilitate COT sharing, the UE will need to provide to the gNB information about CAPC, COT structure/duration, and possibly also the TX power assumed when acquiring the COT.
Max TX duration following cat 1 LBT
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 13: Cat 1 framework should support at least HARQ-ACK transmission at the beginning of the UL burst
Proposal 14: 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 15: The benefits of RTS/CTS-like receiver assisted LBT schemes require further discussion and study.
Proposal 16: Overbooked UL transmissions and UE reporting of channel sensing results can be considered as ways to increase UL access probability.
Directional LBT
Observation 2: Single-beam (omni-directional SSB) operation is more efficient for NR-U below 7 GHz
Proposal 17: Directional LBT is not supported for NR-U in sub-7 GHz bands
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APPENDIX: agreements made during the NR-U WI
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:
[image: ]
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 RAN1#97, the agreements were as follows:
Agreement:
For LBT by a UE prior to transmission of a UL burst within a gNB-initiated channel occupancy as an LBE device, for gap durations shorter than 25 microseconds, Cat 2 LBT can be indicated (FFS: explicit and/or implicit) to the UE if the gap is 16 microseconds (allowing for implementation tolerances)
Note: this is the Alt 1 identified in RAN1#96bis
Agreement:
Select one of the following alternatives for Cat2 LBT in a 16 us gap. 
· Alt 1: The 16us measurement period is split into two slots with the first slot having a duration 7us and second slot having a duration of 9us. 
· Energy measurement is done in the 9us slot with the measurement including averaging for at least 4 us in any portion of the slot. LBT is said to be successful if the measured energy is lower than the ED threshold. 
· Alt 2: The 16us measurement period is split into two slots with the first slot having a duration 7us and second slot having a duration of 9us. 
· Energy measurement is done in both the 7us and 9us slot with the measurement including averaging for at least 4 us in any portion of each slot. LBT is said to be successful if the measured energy is lower than the ED threshold in both slots. 
· Alt 3: Energy measurement is done in any portion of the 16 us duration including averaging for at least 4 us. LBT is said to be successful if the measured energy is lower than the ED threshold. 
Agreement:
Multi-carrier channel access schemes that are applicable to multiple carriers with a single LBT sub-band per carrier that is the same as the carrier bandwidth are also applicable to multiple LBT sub-bands within a carrier when such carriers are used either as a single wideband carrier or as part of carrier aggregation of a set of carriers.
In RAN1#98, the agreements were as follows:
Agreement:
For a gNB initiated channel occupancy the reference duration for CWS adjustment is defined as follows.
· For a CO with unicast PDSCH(s) and for each set of LBT bandwidths for which a single contention window is maintained, the reference duration for CWS adjustment is from the beginning of the CO until the end of the first slot where at least one unicast PDSCH is transmitted over all the resources allocated for the PDSCH, or until the end of the first transmission burst by the gNB that contains unicast PDSCH(s) transmitted over all the resources allocated for the PDSCH, whichever occurs earlier. 
· If the CO has a unicast PDSCH, but doesn’t have any unicast PDSCH transmitted over all the resources allocated for that PDSCH, then, the duration of the first transmission burst by the gNB within the CO that contains unicast PDSCH(s) is the reference duration for CWS adjustment.

Agreement:
For a UE initiated channel occupancy the reference duration for CWS adjustment is defined as follows.
· For a CO with PUSCH(s) and for each set of LBT bandwidths for which a single contention window is maintained, the reference duration for CWS adjustment is from the beginning of the CO until the end of the first slot where at least one PUSCH is transmitted over all the resources allocated for the PUSCH, or until the end of the first transmission burst by the UE that contains PUSCH(s) transmitted over all the resources allocated for the PUSCH, whichever occurs earlier. 
· If the CO has a PUSCH, but doesn’t have any PUSCH transmitted over all the resources allocated for that PUSCH, then, the duration of the first transmission burst by the UE within the CO that contains PUSCH(s) is the reference duration for CWS adjustment.

Agreement:
For a gNB initiated channel occupancy, for a DL burst without unicast PDSCH and with one or multiple UL grants, and for each set of LBT bandwidths for which a single contention window is maintained, CWS adjustment is based on the success or failure (FFS: CB, CBG, or TB) of reception of PUSCH transmissions in the granted resources
· FFS: Details of CWS adjustment based on the reception of a successful transmission
· FFS: Handling of PUCCH/PRACH/SRS and PUSCH without UL-SCH
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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  

 


