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1 Introduction
At RAN1 #84bis meeting [1], the restrictions on adopting 25us LBT and Cat.4 LBT were discussed, and it was agreed that:

Agreement:
· If the sum total duration of DL and UL transmissions [and UL LBT] is less than the obtained channel occupancy duration, it is sufficient for the UE(s) to perform a single 25us LBT to access the channel and perform UL transmission
· FFS the conditions, if any, on the usage of 25us LBT especially w.r.t. traffic class
· FFS the […] part
For UL Cat.4 LBT, it is natural that the contention window size (CWS) can be adjusted following the similar manner in Rel-13 DL LAA, where the eNB increases the CWS for the next DL burst transmission if at least 80% of HARQ-ACK values corresponding to PDSCH transmissions in reference subframe k are determined as NACK(s). However, additional analysis is required for some UL-specific issues, e.g., asynchronous UL HARQ indicated by UL grant, PUSCH DTX, etc. Moreover, DL CWS adjustment may need to be reconsidered when HARQ-ACK related to PDSCH on unlicensed spectrum is transmitted on the unlicensed spectrum. 
In this contribution, we provide rules for UL CWS adjustment and DL CWS adjustment if HARQ-ACK is configured to be transmitted on the eLAA SCell.
2 UL CWS adjustment 
2.1 UL CWS maintenance and indication
Generally, there are two alternatives for the UL CWS maintenance which are listed below: 

Alternative 1: Maintain and adjust UL CWS at the UE side based on whether the NDI within UL grant for scheduling a PUSCH with the same HARQ process as the previous PUSCH in the reference subframe is toggled. 
With Alternative 1, the earliest moment for the UE to be aware of UL CWS adjustment related to the reference UL subframe n would be subframe n+4 wherein the UE receives the UL_grant for scheduling the PUSCH with the same HARQ process as that in subframe n. If the UL grant is recived but the NDI is not toggled, the UE would interpret that the previous PUSCH in subframe n is wrongly decoded and accordingly increase the UL CWS for the following PUSCH transmission; otherwise, the UE would reset the UL CWS. However, the eNB has the flexibility not to transmit the UL_grant in subframe n+4 scheduling the PUSCH with the same HARQ process, or the eNB may even has no access to the channel due to LBT failure, which may delay the time for UL CWS adjustment. 
Alternative 2: Maintain and adjust UL CWS at the eNB side based on whether the PUSCH in the reference subframe is successfully received. 

With Alternative 2, eNB can acquire the information for UL CWS adjustment as long as the PUSCH is successfully decoded. It does not enforce the eNB to transmit the UL_grant in subframe n+4 to inform decoding situation of subframe n, or to perform DL LBT just to help the UE to update its CWS. 
The eNB could indicate the maintained CWS information to the UE, along with other LBT parameters such as LBT type, CCA gap position, etc.

Proposal 1: UL CWS is UE-specific and maintained at eNB side. eNB indicates the UE-specific CWS via dynamic signaling.
2.2 Valid UL subframe for UL CWS adjustment
In case the eNB maintains the UL CWS, CWS adjustment should be intuitively based on whether the reference UL subframe is successfully decoded. However, the eNB would fail to successfully decode the PUSCH due to following possible cases:

· Case1: UL LBT failure

· Case2: UE missing UL_grant
· Case3: Hidden node or collision
Obviously it is not reasonable to increase the CWS if the failed reference subframe is due to UL LBT failure or UE missing UL_grant, since both of the cases do not result from UL channel access collision. To identify Case1 and Case2, eNB can detect whether the scheduled PUSCH is transmitted or not, which can be achieved by DMRS detection. Then, the eNB can only consider the subframe with valid PUSCH as the UL reference subframe for UL CWS adjustment. Otherwise if the eNB detects that the scheduled PUSCH is not transmitted by the UE then this subframe should be ignored for the UL CWS adjustment.
Considering that one UE is at least assigned with 10 RBs in one interlace, DMRS detection is more reliable in UL eLAA, thus the probability of eNB failing to detect DMRS under Case 3 may be negligible as compared with that of LBT failure and UE missing UL_grant. In addition, compared with counting the unsuccessfully decoded UL subframe as NACK without checking its validity, there is no risk of mistakenly adjusting CWS to delay the UL reference subframe as the one which the eNB can ensure the validity by DMRS detection.
As an example shown in Figure 1, if the UE failed to occupy the channel on subframe #n and the eNB does not detect valid DMRS, the eNB would consider the UL reference subframe as the first valid transmission subframe by the UE, i.e. #n+1, and ignores subframe #n for UL CWS adjustment.
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Figure 1. The PUSCH DTX should not be used to increase CWS
Proposal 2: The subframe wherein eNB does not detect the scheduled PUSCH should not be regarded as a valid UL reference subframe for the UL CWS adjustment.

2.3 Position of UL reference subframe(s) for UL CWS adjustment
For DL CWS adjustment in Rel-13 LAA, the reference subframe k is the starting subframe of the most recent transmission on the channel made by the eNB, for which HARQ-ACK feedback is available. Considering the discussion in section 2.2, the reference subframe for UL CWS adjustment can be the starting UL subframe of the most recent PUSCH transmission by the UE for which the scheduled PUSCH of the UE is detected to occupy the channel and the decoding state of ACK or NACK for the PUSCH is available. Another option is that multiple subframes in a UL transmission burst wherein the UE is scheduled can be regarded as UL reference subframes, in order to use a ratio of NACKs (e.g., 80% for DL) for the UL CWS adjustment. 
Proposal 3: The reference subframe for UL CWS adjustment should be the starting valid UL subframe of the most recent PUSCH transmissions by the UE, for which the scheduled PUSCH of the UE is detected on the channel and HARQ-ACK feedback is available. 
3 DL CWS adjustment 

According to Rel-13 specifications on DL LAA, the DTX state is counted as NACK for the reference subframe assigned to the UE, if the HARQ-ACK corresponding to the PDSCH in the reference subframe is assigned by self-scheduling (E)PDCCH. For LAA DL CWS adjustment in Rel-13, the HARQ-ACK is transmitted on licensed spectrum so that the transmission of the HARQ-ACK for the PDSCH in the reference subframe can be guaranteed, so the DTX state only results from the event when the UE misses the corresponding (E)PDCCH due to collision.
For eLAA, it was agreed in RAN1 #84 meeting that transmission of HARQ-ACK and CSI for serving cells at unlicensed carriers on an LAA SCell is supported. It was agreed in RAN1 #84bis meeting that PUCCH on LAA SCell is not introduced in eLAA within the current WI. Thus in the following we discuss the DTX for HARQ-ACK fed back on PUSCH of the unlicensed carrier.

If the HARQ-ACK for the DL reference subframe is configured to be transmitted on the unlicensed carrier, the timing between DL reference subframe and HARQ-ACK feedback cannot be guaranteed since the UL LBT for the UE may fail before the occasion when the HARQ-ACK is expected to be transmitted. Therefore, different from the case of HARQ-ACK transmission for the DL LAA, the DTX in eLAA should be re-considered. The DTX for HARQ-ACK carried on PUSCH of the unlicensed carrier may result from:

Event 1: UE missing all (E)PDCCHs within the HARQ window including that scheduling the DL reference subframe.

Event 2: UE missing UL_grant scheduling the PUSCH carrying the HARQ-ACK for the DL reference subframe. 
Event 2-1: The UL_grant is sent by the DL reference subframe.
Event 2-2: The UL_grant is sent by another DL subframe instead of DL reference subframe.

Event 3: UL LBT failure for the HARQ-ACK transmission.
Event 4: eNB failing to decode the UL subframe carrying the HARQ-ACK for the DL reference subframe.

The PUSCH subframe is valid in Event 1 (if not combined with other events), and not valid in Event 2, Event 3, and Event 4.
DTX in Event 1 and Event 2-1 are due to poor channel quality of the DL reference subframe, e.g., collision or hidden node. 
DTX in Event 2-2, Event 3 and Event 4 are independent with the transmission of the DL reference subframe. Thus it is not reasonable to count the DTX as NACK since such DTX is not due to DL channel access collision.
To identify Event 1, the eNB can detect the existence of PUSCH by e.g., DMRS detection. In this case, if the PUSCH subframe is valid and the HARQ-ACK DTX is detected, the eNB can preclude the Event 2, Event 3 and Event 4, and therefore should counter the DTX as NACK for the DL CWS adjustment. Otherwise (Event 1 can be at least precluded), if the UL_grant is not sent by the DL reference subframe, the eNB can also preclude Event 2-1, thus the DTX should be ignored from CWS adjustment; if the UL_grant is sent by the DL reference subframe, Event 2-1 could not be distinguished from Event 3 and Event 4, thus the eNB could:

Alt 1: Ignore the DTX for from CWS adjustment due to low probability of missing UL_grant as compared with LBT failure.
Alt 2: Count the DTX as NACK by conservatively considering the DTX as Event 2-1.
In this case, either Alt 1 or Alt 2 can be specified for the eNB.
Proposal 4: If the HARQ-ACK corresponding to the DL reference subframe is configured to be transmitted on the PUSCH of the unlicensed spectrum 
· If the UE transmits PUSCH in the channel, the DTX state of the HARQ-ACK should be counted as NACK for the DL CWS adjustment. Otherwise, if the UL_grant is not sent by the DL reference subframe,  the DTX state of the HARQ-ACK on PUSCH should be ignored for the DL CWS adjustment; if the UL_grant is sent by the DL reference subframe, the eNB could:
· Alt 1: Ignore the DTX for from CWS adjustment;

· Alt 2: Count the DTX as NACK;

· Either Alt 1 or Alt 2 can be specified for the eNB.

4 Conclusions
In this contribution, we analyzed the CWS adjustment for Cat.4 in eLAA, including UL CWS adjustment rules and DL CWS adjustment enhancement for HARQ-ACK feedback on unlicensed spectrum. Based on the discussions, following conclusions are drawn:
Proposal 1: UL CWS is UE-specific and maintained at eNB side. eNB indicates the UE-specific CWS via dynamic signaling.
Proposal 2: The subframe wherein eNB does not detect the scheduled PUSCH should not be regarded as a valid UL reference subframe for the UL CWS adjustment.
Proposal 3: The reference subframe for UL CWS adjustment should be the starting valid UL subframe of the most recent PUSCH transmissions by the UE, for which the scheduled PUSCH of the UE is detected on the channel and HARQ-ACK feedback is available.
Proposal 4: If the HARQ-ACK corresponding to the DL reference subframe is configured to be transmitted on the PUSCH of the unlicensed spectrum 

· If the UE transmits PUSCH in the channel, the DTX state of the HARQ-ACK should be counted as NACK for the DL CWS adjustment. Otherwise, if the UL_grant is not sent by the DL reference subframe,  the DTX state of the HARQ-ACK on PUSCH should be ignored for the DL CWS adjustment; if the UL_grant is sent by the DL reference subframe, the eNB could:

· Alt 1: Ignore the DTX for from CWS adjustment;

· Alt 2: Count the DTX as NACK;

· Either Alt 1 or Alt 2 can be specified for the eNB.
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