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1. Introduction
At the RAN1 #97 meeting, channel access procedure for NR-U was discussed and following agreements were made [1].
	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.




At the RAN#84 meeting, prioritization of NR-U remaining work was discussed and following list of essential/optimization items for “Channel access for NR-U” agenda was endorsed [2].
	7.2.2.2.1 Channel access
Essential
· 16us cat 2 LBT detailed design
· 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
· 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



In this contribution, we discuss remaining issues on the channel access procedure for NR-U. 


2. Details on 16 us Cat.2 LBT design
As described in Section 1, one of following three alternative designs will be selected for 16 us Cat.2 LBT.
· 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. 
Basically, LBT should be performed just before the start of transmission. However, there is a transient period in case of Rx-Tx switching as defined in [3-4]. It is 10 us for both gNB and UE in FR1. Therefore, in Alt.1 and Alt.2 where LBT is performed for at least 4 us in any portion of last 9 us of 16 us gap, the transient period will exceed the LBT gap. In Alt.3, the LBT timing can be determined with LBT gap so that the transient period can also be confined within LBT gap. Based on the above consideration, we propose to apply Alt.3 as 16 us Cat.2 LBT mechanism in NR-U.
Proposal 1: In case of 16 us Cat.2 LBT, 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.


3. Signaling support for LBT type/priority class indication
As discussed in our companion contribution regarding DL signals and channels for NR-U [5], gNB control for UL LBT mechanism is necessary. According to whether scheduled UL transmission will be performed within gNB’s COT or outside gNB’s COT, DCI scheduling/triggering UL transmission should indicate at least whether UL LBT is Cat.4 or not. In case of Cat.4 LBT i.e., UL transmission outside gNB’s COT, channel access priority class can also be indicated as in eLAA. In case of non-Cat.4 LBT i.e., UL transmission within gNB’s COT, possible LBT type is Cat.1 or Cat.2, and either one should be used according to LBT gap duration. As proposed in [5], LBT gap configuration i.e., Cat.1 or Cat.2 can be semi-statically configured by gNB and dynamic indication for selection between Cat.1 and Cat.2 may not be necessary.
Proposal 2: DCI scheduling/triggering UL transmission indicates channel access type (Cat.4 or not) by using 1 bit and channel access priority class by using 2 bits for the scheduled/triggered UL transmission.


4. CWS adjustment
4.1 Reference slot definition
In LTE LAA, HARQ-ACK values corresponding to PDSCH(s) in reference subframe are used for CWS adjustment, and the reference subframe is defined as the starting subframe of the most recent transmission on the carrier made by the eNB, for which at least some HARQ-ACK feedback is expected to be available. This is based on the assumption that transmissions in the first subframe of burst transmission will suffer from collision with other system if any. In NR-U, since HARQ-ACK feedback flexibility is increased and slot size is shorter than subframe size in case of 30 kHz SCS, following alternatives on reference slot definition can be considered.
· Alt.1: reference slot is n First DL or UL slot of a channel occupancy for which HARQ-ACK feedback is available, and n = 1
· Alt.2: reference slot is n First DL or UL slot of a channel occupancy for which HARQ-ACK feedback is available, and n >= 1
· Alt.3: no specific reference slot is defined, and all HARQ-ACK feedback information most recently received are used for CWS adjustment 
Basically, taking more feedback samples into account for CWS adjustment would be good. Even when collision happens in first M slots of a channel occupancy, some transmissions in the slots may not fail if the receiver is not so affected by the interference due to collision. In addition, even some HARQ-NACK are occurred in middle or end of channel occupancy, it may be due to collision and/or congestion of the channel and hence CWS adjustment may be beneficial. Therefore, especially when many HARQ-ACK feedback information are carried together, we think that applying Alt.3 as CWS adjustment mechanism for NR-U would be beneficial. On the other hand, reusing LTE-LAA mechanism as in Alt.1 would work without causing significant issue. Considering the limited time and specification impacts to change the reference slot definition from LTE-LAA, Alt.1 should be applied.
Proposal 3: For CWS adjustment based on HARQ-ACK feedback, reference slot is first DL or UL slot of a channel occupancy for which HARQ-ACK feedback is available.


4.2 CWS adjustment criterion
In LTE-LAA, if at least Z=80% of HARQ-ACK values corresponding to PDSCH transmission(s) in reference subframe are determined as NACK, CWS is increased. Although there has been no explicit agreements on CWS adjustment criterion for NR-U so far, above criterion in LTE-LAA should be reused at least for TB-level ACK/NACK since there is no specific reason to change it.
For CBG-level ACK/NACK, it was agreed to consider how to handle it for CWS adjustment in past RAN1 meeting. Following possible alternatives can be considered.
· Alt-1: CBG level ACK/NACK is converted into TB level ACK/NACK.
· 1-1: If all CBG-level HARQ-ACKs corresponding a TB in reference slot are ACK, TB-level HARQ-ACK feedback for CWS adjustment is counted as ACK, otherwise, NACK.
· 1-2: If at least Z% of CBG-level HARQ-ACKs corresponding a TB in reference slot are NACK, TB-level HARQ-ACK feedback for CWS adjustment is counted as NACK, otherwise, ACK.
· 1-3: If the first CBG-level HARQ-ACK corresponding a TB in reference slot is ACK, TB-level HARQ-ACK feedback for CWS adjustment is counted as ACK, otherwise, NACK.
· 1-4: If the last CBG-level HARQ-ACK corresponding a TB in reference slot is ACK, TB-level HARQ-ACK feedback for CWS adjustment is counted as ACK, otherwise, NACK.
· 1-5: If at least one of CBG-level HARQ-ACKs corresponding a TB in reference slot is ACK, TB-level HARQ-ACK feedback for CWS adjustment is counted as ACK, otherwise, NACK.
· Alt-2: CBG-level ACK/NACK is counted as well as TB-level ACK/NACK with possible change of threshold Z value.
In case of severe interference due to collision, almost all CBG-level ACK/NACK would be NACK. On the other hand, even in no collision case, one or a few CBG-level NACK may happen. So, we think that Alt.1-1 would be an overestimation of collision. In addition, since redefinition of the threshold value Z would need a certain standard effort, Alt-2 may not be preferable. Considering the simplicity, Alt.1-3 or 1-4 seems preferable.
Proposal 4: For CWS adjustment based on CBG-level HARQ-ACK feedback, if the [first or last] CBG-level HARQ-ACK corresponding a TB in reference slot is ACK, TB-level HARQ-ACK feedback for CWS adjustment is counted as ACK, otherwise, NACK.


4.3 CWS adjustment based on channel occupancy measurement
In ACK/NACK based CWS adjustment, CWS of the transmitting entity whose transmission was failed due to collision is enlarged to reduce a probability of subsequent collision. However, although this mechanism is good for distributed control system, this mechanism is reactive approach in which CWS is adjusted after the collision. Once collision is occurred at a certain node, this mechanism may cause fluctuation of channel access opportunities among coexisting nodes. This problem may also lead to the latency variation between different nodes.
Therefore, we think more efficient and fairer CWS adjustment procedure can be considered for NR-U in addition to ACK/NACK based CWS adjustment. One possible solution is that CWS is updated based on measured channel occupancy status, i.e., CWS is increased when the channel occupancy ratio is greater than threshold and CWS is decreased when the channel occupancy ratio is smaller than threshold. The channel occupancy status measured by UEs can be aggregated at gNB and the aligned updated CWS can be indicated to UEs in the serving cell. 
Proposal 5: CWS updating mechanism based on channel occupancy state is supported for NR-U in addition to CWS updating based on HARQ ACK/NACK reception in order to reduce fluctuation of channel access opportunities and latency among coexisting nodes.
· UE reporting of the channel occupancy ratio and CWS updating mechanism based on gNB’s indication are supported.


5. Channel access mechanism details for FBE
For FBE operation, channel access mechanism and requirements described in EN301 893 should be applied [6]. Once LBT during a single observation slot (which shall have a duration of not less than 9 us) is passed, less than 95% of the fixed frame period (within a range of 1ms to 10ms) can be considered as channel occupancy time. Within a channel occupancy time, multiple transmissions without performing additional LBT are allowed if the gap between such transmissions does not exceed 16 us. If the gap exceeds 16 us, additional LBT within the gap needs to be performed for following transmission. 
So, basically the channel access mechanism for FBE is same as that for LBE except for initial LBT for every fixed frame period. For the initial LBT, considering the transient period for Rx-Tx switching as discussed in Section 2, single observation slot should have a duration at least slightly longer than 9 us. It would be reasonable to reuse the definition of 16 us or 25 us Cat.2 channel access mechanism as the initial LBT for FBE.
Proposal 6: For FBE operation, the definition of the initial LBT performed for every fixed frame period reuses that of 16 us or 25 us Cat.2 channel access mechanism in LBE operation.

Fixed frame period i.e., periodicity and offset can be configured via higher layer signaling, as proposed in [5]. Basically the boundary of the fixed frame period should be aligned with radio frame or at least subframe boundary.


6. UE to gNB COT sharing
For configured grant, RAN1 made following agreements at RAN1#96 meeting.
	Agreement:
When a UE initiates a channel occupancy with a transmission using a configured grant, it can signal at least the following
· The duration that the gNB is allowed to transmit in the channel occupancy initiated by the UE
· FFS: 
· How the duration is signalled
· Whether the UE should signal continued use of the COT for its own transmissions
· LBT priority class



Therefore, according to the above agreements, it should be possible that UE acquired COT is shared with gNB during the duration indicated from the UE.
For scheduled UL transmission to initiate UE COT, since gNB will indicate LBT type and priority class for the UL transmission, gNB is aware of possible UE COT duration. So, once gNB detects the UL transmission, remaining COT duration of the UE acquired COT can be shared with gNB.
Proposal 7: UE to gNB COT sharing is supported in NR-U as below.
· UE COT initiated by configured grant UL transmission can be shared with gNB during the remaining COT duration indicated by the UE.
· UE COT initiated by scheduled UL transmission can be shared with gNB according to LBT type, priority class and scheduled UL transmission duration.


7. Conclusion
In this contribution, we discussed on the channel access procedure for NR-U. Based on the discussion, we made following proposals.
Proposal 1: In case of 16 us Cat.2 LBT, 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.
Proposal 2: DCI scheduling/triggering UL transmission indicates channel access type (Cat.4 or not) by using 1 bit and channel access priority class by using 2 bits for the scheduled/triggered UL transmission.
Proposal 3: For CWS adjustment based on HARQ-ACK feedback, reference slot is first DL or UL slot of a channel occupancy for which HARQ-ACK feedback is available.
Proposal 4: For CWS adjustment based on CBG-level HARQ-ACK feedback, if the [first or last] CBG-level HARQ-ACK corresponding a TB in reference slot is ACK, TB-level HARQ-ACK feedback for CWS adjustment is counted as ACK, otherwise, NACK.
Proposal 5: CWS updating mechanism based on channel occupancy state is supported for NR-U in addition to CWS updating based on HARQ ACK/NACK reception in order to reduce fluctuation of channel access opportunities and latency among coexisting nodes.
· UE reporting of the channel occupancy ratio and CWS updating mechanism based on gNB’s indication are supported.
Proposal 6: For FBE operation, the definition of the initial LBT performed for every fixed frame period reuses that of 16 us or 25 us Cat.2 channel access mechanism in LBE operation.
Proposal 7: UE to gNB COT sharing is supported in NR-U as below.
· UE COT initiated by configured grant UL transmission can be shared with gNB during the remaining COT duration indicated by the UE.
· UE COT initiated by scheduled UL transmission can be shared with gNB according to LBT type, priority class and scheduled UL transmission duration.
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