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1. Introduction

In the email discussion [1] after RAN1#84bis, following agreements were made on LBT for UL grant only transmission.

Agreement:
· UL grant only transmission by eNB based on Rel-13 Cat-4 LBT priority class is supported.  The choice of LBT priority class is up to eNB.

· FFS: UL grant only transmission by eNB based on a 25 µs CCA is supported. 

· eNB can choose between Cat-4 or 25 µs CCA LBT.

In the email discussion [2] of channel access framework after RAN1#85, UL LBT related issues were discussed and following agreements were achieved on the signalling of LBT type and LBT parameters for SRS. 
Agreement:
· LBT type (i.e. Cat.4 LBT or LBT based on 25us CCA) is signaled via UL grant.
Agreement:
· UE is not expected to be signaled different LBT types for all consecutively scheduled subframes when there is no gap between the consecutive subframes. 

· FFS: For a set of consecutive scheduled subframes without any gaps that are subject to LBT, after the first successful LBT in that set, the UE continues transmission for all the remaining subframes in the set.

· For a set of consecutive scheduled subframes without any gaps that are subject to LBT, if LBT fails for a subframe in that set, the UE continues the LBT according to the signaled LBT type for the next subframe in the set.

Agreement:
           For an aperiodic SRS that is not multiplexed with PUSCH in the same subframe,
–       If the aperiodic SRS is followed by PUSCH without a gap between SRS and following PUSCH,
· UE performs LBT indicated for the following PUSCH.
–       If the aperiodic SRS is followed by PUSCH with gap between SRS and following PUSCH,
o    Within eNB’s channel occupancy, UE performs 25 usec one shot LBT
· Outside of eNB’s channel occupancy, UE performs random backoff based on LBT priority Class 1.
· Choose one of the following options:
· Option 1: UE performs Cat 3 LBT with fixed CWS values. The value is chosen from [3,7].
· Option 2: UE performs Cat 3 LBT with CWS 7.
· Option 3: UE performs Cat 4 LBT.
In the same email discussion after last RAN1 meeting, contention window size (CWS) adjustment for UL Category 4 LBT for PUSCH transmission on LAA SCell was also discussed and three alternatives were proposed to be down-selected.

In this contribution, we show our views on the remaining issues for the LBT for UL grant only transmission, the signalling of LBT type, LBT parameters for SRS, and CWS adjustment method.

2. LBT for UL grant only transmission
For UL grant only transmission, Cat.4 LBT by eNB was agreed to be supported and the choice of Rel-13 Cat.4 LBT priority class is up to eNB. However, we think that a 25 µs CCA for UL grant only transmission should also be supported since UL grant only transmission can be regarded as a type of control signalling and has higher priority than data. In that case, the MCOT acquired by the UL grant should be restricted compared with the case of Cat. 4 LBT, e.g., restricted to be no larger than 1 ms. We also prefer to have flexibility on the LBT mechanism for UL grant only transmission and allow eNB to choose between Cat. 4 and 25 µs LBT.
Proposal 1: Following FFS is confirmed.

· UL grant only transmission by eNB based on a 25 µs CCA is supported.
· eNB can choose between Cat-4 or 25 µs CCA LBT.
3. Signaling of LBT type
For consecutively scheduled subframes without any gaps that are subject to LBT, it was agreed that the same LBT type is signalled. If LBT fails in one subframe in the set, UE can perform the same LBT type for the next subframe. If UE succeeds LBT for one subframe in the set, UE can transmit the subsequent subframes in the set without doing LBT again. Such behaviour does not violate regulations or fairness as long as eNB sets appropriate length of consecutive scheduled subframes and LBT type. Instead, it improves the UL transmission opportunity. In addition, since eNB should ensure the total duration of the transmissions that occur between the start times of transmissions following two successive Cat. 4 LBT procedures, is less than or equal to the MCOT, there is no need for additional signalling to indicate ‘no LBT’ or remaining COT duration.
Proposal 2: Following FFS is confirmed.

· For a set of consecutive scheduled subframes without any gaps that are subject to LBT, after the first successful LBT in that set, the UE continues transmission for all the remaining subframes in the set.
4. LBT parameters for SRS
For aperiodic SRS followed by PUSCH with gap between SRS and following PUSCH, UE can perform 25 µs one shot LBT if SRS transmission is within eNB’s channel occupancy. However, when SRS transmission is outside of eNB’s channel occupancy, UE should perform LBT with random backoff instead of Cat. 2 LBT for SRS transmission. Random backoff based on LBT priority class 1 was agreed to be applied to SRS followed by PUSCH with gap. For LBT priority class 1, the CWS can be [3, 7]. Considering that aperiodic SRS without PUSCH may happen infrequently in the system and SRS is only limited to one symbol, Cat. 3 LBT could be applied and the CWS for SRS could be fixed to a value for simplicity. Moreover, in order to achieve high transmission opportunity for SRS, we slightly prefer CWS fixed to be 3.

Proposal 3: If the aperiodic SRS is followed by PUSCH with gap between SRS and following PUSCH, UE performs Cat. 3 LBT with fixed CWS of 3 based on LBT priority Class 1 if it is outside of eNB's channel occupancy.
5. CWS adjustment
In the email discussion, three alternatives for CWS adjustment were proposed for down-selection. In this section, the three alternatives are analysed and compared. In Alt. 1, CWS is managed by eNB and indicated by UL grant. CWS is adjusted per UE based on whether reference subframe is successfully decoded or not. Alt. 1 is the simplest method. Since the eNB is always aware of the CWS size for UEs, the UL scheduling and multiplexing by eNB is relatively easier. 
In Alt. 2, the reference scheduled burst and reference subframe are defined for CWS adjustment. The position of the reference subframe within the reference scheduled burst is signaled to the UE and UE performs CWS adjustment based on the signalled reference subframe position and actual first transmitted subframe position. However, if a UE misses some DCI detection, it may cause mismatching understanding of reference scheduled subframe/burst between eNB and UE. In that case, UE would make wrong decision on CWS adjustment and it causes mismatching on current CWS between eNB and UE. 
In Alt. 3, UE adjusts CWS based on the NDI indication for the HARQ process in the reference subframe. Therefore, UE could make accurate CWS adjustment decisions. One potential drawback of Alt. 3 would be that the eNB cannot know the exact CWS at the UE side, which increases the complexity on the eNB scheduling and UL multiplexing. However, considering that even eNB maintained CWS cannot make sure UEs successfully have access to the channel at the same time, such drawback can be considered negligible.

Based on the comparison and analysis above, we are fine with either Alt. 1 or Alt. 3. Alt. 2 is not appropriate since UE may make wrong decisions on CWS adjustment due to DCI missing. Considering that relatively easier scheduling/multiplexing can be achieved by eNB managed CWS, we slightly prefer Alt. 1.
Proposal 4: Either Alt. 1 or Alt. 3 is used for CWS adjustment for Cat. 4 UL LBT. We slightly prefer Alt. 1 as CWS is managed by eNB.
6. Conclusion 

In this contribution, we showed our views on the remaining issues for the LBT for UL grant only transmission, the signalling of LBT type, LBT parameters for SRS, and contention window size adjustment method. Based on the analysis, we have following proposals. 
Proposal 1: Following FFS is confirmed.

· UL grant only transmission by eNB based on a 25 µs CCA is supported.
· eNB can choose between Cat-4 or 25 µs CCA LBT.
Proposal 2: Following FFS is confirmed.

· For a set of consecutive scheduled subframes without any gaps that are subject to LBT, after the first successful LBT in that set, the UE continues transmission for all the remaining subframes in the set.
Proposal 3: If the aperiodic SRS is followed by PUSCH with gap between SRS and following PUSCH, UE performs Cat 3 LBT with fixed CWS of 3 based on LBT priority Class 1 if it is outside of eNB's channel occupancy.
Proposal 4: Either Alt. 1 or Alt. 3 is used for CWS adjustment for Cat. 4 UL LBT. We slightly prefer Alt. 1 as CWS is managed by eNB.
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