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1. [bookmark: _GoBack]Introduction
At the RAN1 #98bis meeting, channel access procedure for NR-U was discussed and following agreements were made [1].
	Agreement:
Sharing of a UE-initiated channel occupancy (either CG-PUSCH or scheduled UL) with gNB is supported, such that the gNB is allowed to transmit control/broadcast signals/channels for any UEs as long as the transmission contains transmissions for the UE that initiated the channel occupancy and/or DL signals/channels (PDSCH, PDCCH, reference signals) meant for the UE that initiated the channel occupancy.
· The ED threshold that the UE applies when initiating a channel occupancy to be shared with the gNB is configured by gNB (RRC signaling)
· if ED threshold that the UE applies when initiating a channel occupancy to be shared with the gNB is not configured, the transmission of the gNB in UE initiated COT may include only control/broadcast signals/channels transmissions of up to 2/4/8 OFDM symbols in duration for 15/30/60 kHz SCS
· When absence of WiFi cannot be assumed based on e.g. regulation, the ED threshold that the gNB configures to the UE to apply when initiating the channel occupancy is determined based on the max gNB TX power
· Cat. 2 LBT can be used (for gaps of 16us and 25us). 
· Cat. 1 LBT can be used under the following conditions.
· Gap duration <= 16us
· For the transmission of the gNB after the first switch between the UE and the gNB if the gNB transmission contains only control/broadcast signals/channels
· For the transmission of the gNB after the first switch between the UE and the gNB if the gNB transmission has a duration below X ms (X >= 0).
· FFS: X
· FFS: For transmissions after the second and subsequent switches between UE and gNB

Agreement:
· For the CP extension prior to at least a dynamically scheduled PUSCH transmission, the CP extension is located in the symbol(s) immediately preceding the PUSCH allocation indicated by SLIV. The supported durations for CP extension at the UE are: 
· 0 (i.e. no CP extension) 
· C1*symbol length – 25 us 
· C2*symbol length – 16 us - TA 
· C3*symbol length – 25 us – TA
· C1=1 for 15 and 30 kHz SCS, C1=2 for 60 kHz SCS
· FFS: Whether C2/C3 is fixed or implicitly derived based on TA for each subcarrier spacing
· The N2 timeline (UL grant to PUSCH delay) needs to be relaxed to take the CP extension into account
· FFS: Whether the limit as per the previous agreement bounding the resulting CP extension to be less than or equal to one symbol for the given subcarrier spacing should be relaxed
· FFS: Applicability of this to other UL transmissions
· FFS: Whether the number of durations for CP extension that the UE can be signalled dynamically can be configured

Agreement:
· For FBE operation, when the gNB operates as an initiating device
· The UE is provided information on the gNB fixed frame period and the starting positions of the fixed frame periods
· For the provision of the above information the following is signalled
· Indication of the fixed frame period and the starting positions of the fixed frame period (SIBx)
· FFS: Whether Rel-15 signaling can be reused
· When the UE is not initiating a channel occupancy, UE transmissions within a fixed frame period can occur if DL signals/channels (e.g., PDCCH, SSB, PBCH, RMSI, GC-PDCCH, …) within the fixed frame period are detected. 
· FFS: Extension of GC-PDCCH configuration to idle UEs
· FFS: Signaling for FBE operation, when the UE operates as an initiating device



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 per the agreement in RAN1#97, 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
When UL transmission will be performed in gNB-acquired COT with appropriate gap duration between the end of previous transmission and the beginning of the UL transmission, As shown in Section 1, at the last RAN1 meeting, it was agreed that the appropriate gap is made by the CP extension of the first symbol of the UL transmission at least for dynamically scheduled PUSCH. Hence, the CP extension value should be indicated by DCI scheduling/triggering the UL transmission.
UL LBT mechanism for the UL transmission within gNB-acquired COT can be Cat.1 or Cat.2. If it is unclear whether the UL transmission will fall in gNB-acquired COT or not when the UL transmission is scheduled (or configured), the UE should be indicated (or assume) to perform Cat.4 LBT for the UL transmission. Hence, DCI scheduling/triggering UL transmission (e.g., UL grant for PUSCH, DL assignment for PUCCH, and both for AP-SRS) should indicate at least whether UL LBT is Cat.4 or not. In case of Cat.4 LBT i.e., UL transmission outside gNB-acquired 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-acquired COT, possible LBT type is Cat.1, 16us-Cat.2, or 25us-Cat.2, and either one should be used according to the gap duration. As shown in Section 1, the LBT type applicable to the DL signals/channels within UE-initiated COT was agreed. The same principle can be applied to the UL signals/channels within gNB-acquired COT, i.e., Cat.1 is applicable to control signals (PUCCH and PUSCH with UCI) or other UL transmission (SRS and PUSCH without UCI) whose duration is equal to or shorter than a certain threshold. Whether 16us-Cat.2 or 25us-Cat.2 is applied can be indicated implicitly by the CP extension value in DCI.
Proposal 2: DCI scheduling/triggering UL transmission indicates CP extension value, 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.
· When the indicated channel access type is not Cat.4, the applied channel access type is determined as:
· Cat.1:
· When the scheduled/triggered UL transmission is PUCCH or PUSCH with UCI, or
· When the scheduled/triggered UL transmission is SRS or PUSCH without UCI whose duration is equal to or shorter than a certain threshold.
· Cat.2:
· When the scheduled/triggered UL transmission is SRS or PUSCH without UCI whose duration is longer than a certain threshold.
· Whether 16us-Cat.2 or 25us-Cat.2 is applied is indicated implicitly by the CP extension value in the DCI.


4. CWS adjustment
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.
Proposal 3: For CWS adjustment based on TB-level HARQ-ACK feedback, if at least Z=80% of HARQ-ACK values corresponding to PDSCH transmission(s) in reference duration are determined as NACK, CWS is increased.
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 duration 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 duration 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 duration 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 duration 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 duration 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 duration is ACK, TB-level HARQ-ACK feedback for CWS adjustment is counted as ACK, otherwise, NACK.
For CWS adjustment for the channels/signals without HARQ-ACK feedback/indication, such as DRS/RAR/non-unicast PDSCH/PDCCH-only DL and PUCCH/PRACH/SRS/PUSCH without UL-SCH, HARQ-ACK-based CWS adjustment cannot be applied. In this case, CWS should be always set to the minimum allowed contention window size.
Proposal 5: CWS is always set to the minimum allowed contention window size for the signals/channels without HARQ-ACK feedback/indication.


5. Channel access mechanism details for FBE
For FBE operation, channel access mechanism and requirements described in EN301 893 should be applied [5]. 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.


6. 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 CP extension value, 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.
· When the indicated channel access type is not Cat.4, the applied channel access type is determined as:
· Cat.1:
· When the scheduled/triggered UL transmission is PUCCH or PUSCH with UCI, or
· When the scheduled/triggered UL transmission is SRS or PUSCH without UCI whose duration is equal to or shorter than a certain threshold.
· Cat.2:
· When the scheduled/triggered UL transmission is SRS or PUSCH without UCI whose duration is longer than a certain threshold.
· Whether 16us-Cat.2 or 25us-Cat.2 is applied is indicated implicitly by the CP extension value in the DCI.
Proposal 3: For CWS adjustment based on TB-level HARQ-ACK feedback, if at least Z=80% of HARQ-ACK values corresponding to PDSCH transmission(s) in reference duration are determined as NACK, CWS is increased.
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 duration is ACK, TB-level HARQ-ACK feedback for CWS adjustment is counted as ACK, otherwise, NACK.
Proposal 5: CWS is always set to the minimum allowed contention window size for the signals/channels without HARQ-ACK feedback/indication.
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.
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