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1
Introduction
At RAN#70, a WI on enhanced LAA focusing on introduction of LAA UL CA operation was approved in [1], which consisted of the following detailed objectives as such:

· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]

· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point

· Specify support for PUSCH and SRS

· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.

· If needed, specify support for PUCCH [RAN1]
· If needed, specify support for PRACH [RAN1]
The LTE UL HARQ for licensed carriers UL operation uses a synchronous process. However, at the RAN1 #AH-LAA meeting it was agreed by RAN1 to support asynchronous UL HARQ for LAA UL operation [2] and RAN2 have aligned with RAN1 recommendation that asynchronous HARQ should be specified for UL HARQ in LAA. It was also captured in TR 36.889 [3] that it is more efficient for LAA UL HARQ to follow an asynchronous protocol, similar to LAA DL HARQ. 
In this contribution, the focus is only on Listen-Before-Talk (LBT) failure in LAA UL HARQ operation in Rel-14. 
2
LBT failure in LAA UL HARQ operation
The LTE UL HARQ for licensed carriers UL operation synchronous procedure is described as follows [4].
In the synchronous LTE UL HARQ, the UE identifies in each TTI the HARQ process that is associated with this TTI. It also routes the received HARQ feedback (ACK/NACK information), MCS and resource, relayed by the physical layer, to the appropriate HARQ process. The association between TTIs and HARQ processes relies on UL HARQ being synchronous and the association follows from the timing relation.

Fundamentally, each HARQ process is associated with a HARQ buffer for data storage. The new transmissions are performed on the resource and with the MCS indicated on PDCCH. The adaptive retransmissions are also performed on the resource and, if provided, with the MCS indicated on PDCCH. However, the non-adaptive retransmission is performed on the same resource and with the same MCS as was used for the last made transmission attempt. 
The UL HARQ for LAA UL operation will introduce an asynchronous procedure based on design targets described as follows [4].
The asynchronous UL HARQ for LAA is introduced because it is more efficient for LAA UL HARQ to follow an asynchronous protocol, similar to LAA DL HARQ. However, the required UL LBT for PUSCH transmission must be taken into consideration. The UL retransmission can be scheduled by an UL grant and occur at any time relative to the initial transmission. Therefore, in order to support an asynchronous protocol, additional explicit information is required to be added in the UL grant in LAA, so that the UE can correctly associate each retransmission with the corresponding initial transmission. 
The LBT procedure is described as follows [3].
Fundamentally, the LBT procedure is defined as a mechanism in which equipment applies a clear channel assessment (CCA) check before using the channel. Consequently, the CCA utilizes at least energy detection to determine the presence or absence of other signals on a channel in order to determine if a channel is occupied or clear, respectively. 
It should also be taken into account that it has been identified for the case with UL self-scheduling where the UE applies a LBT procedure before transmitting on the UL, two successful LBT operations are required before the UE transmit on the UL. This is necessary because the eNB has to perform an LBT procedure for an LAA SCell to send the scheduling command, and if this is successfully received by the UE, the UE performs an LBT procedure before transmitting in UL.
It was suggested to further study the impact of LBT failure in LAA UL HARQ operation in Rel-14 [5]. 
It is recommended that LAA supports uplink LBT at the UE according to European regulation. To enable asynchronous UL HARQ the eNB needs to know which HARQ process the UE is using when performing a transmission/retransmission to know which soft-buffer the received transmission should be combined with. It is also important that the eNB indicate which HARQ process a grant is for and the redundancy version that should be used so that the UE uses the correct HARQ process with the correct redundancy version when performing a transmission or retransmission. Therefore, with the UL asynchronous HARQ protocol, all transmission or retransmission should be scheduled via (E) PDCCH. 

With asynchronous UL HARQ, the UE can no longer know when to expect grants as the eNB may send them at any point in time. Likewise, the eNB cannot guarantee whether the UE takes the channel or not. As a result, it is feasible to assume that if the eNB fails to receive the UL data, the eNB could misinterpret the cause of reception failure. One possibility is that it could be interpreted as a LBT failure. A LTB failure occurs when the UE observes the occupied channel at a relevant subframe, so that it ignores the UL grant sent by the eNB and does not perform the scheduled UL transmission.
Observation 1: It is feasible to assume that if the eNB fails to receive the UL data, the eNB could misinterpret the cause of reception failure. 

Observation 2: A method needs to be defined for interpreting a LBT failure.
Several methods were evaluated for interpreting a LBT failure that consisted of: the implicit method based on the received power of the UL reference signal and the explicit method based on the UE’s indication related to the LBT failure [5], [6], and [7]. The preference is the explicit method using additional signaling because it clearly lets the eNB know the cause of decoding error clearly.
Proposal 1: We support taking the explicit method using additional signaling as the baseline. If it is found that the explicit method increases signaling overhead significantly, then the implicit method without additional signaling can be considered.

For example, a new UL control information (UCI) can be introduced for the UE to feedback the CCA result (e.g., failure or success) before scheduled subframe. 
The new UCI can be transmitted by PUCCH or PUSCH with the UCI, e.g., PUCCH format 1a can be reused. Obviously, this information can be sent through the PCell,
Proposal 2: For the explicit method using additional signaling, we recommend to introduce a new UCI used for information feedback on LBT success or failure.
In the LTE operating in licensed carriers, the UL physical random access channel (PRACH) carries the random access channel (RACH) information a UE sends to access the network in non-synchronized mode or synchronized mode to acquire time advance (TA) and used to allow the UE to synchronize timing with the eNB. 

For the eLAA-capable eNB and UE that are required to perform LBT for access to unlicensed carriers, information can be taken from the perspective of PRACH power ramping if LBT failure. The analysis can be described as follows.

· One of the UL signals that may be sent by UEs using the transmission subframes identified in LTE operating in licensed carriers with unlicensed carriers are PRACH signals.

· In LTE operating in licensed carriers with unlicensed carriers, the random access procedure may be supported in both non-CCA (guaranteed) and CCA (not guaranteed) uplink and/or downlink subframes.

· A UE transmits the random access request and then waits for a certain response window criteria before a RACH re-transmission is triggered.

· Each successive re-transmission is also ramped up with power.

· In order to determine whether to perform a re-transmission of PRACH in LTE operating in licensed carriers with unlicensed carriers, the UE should be capable of detecting and indicating its LBT result (i.e., busy) to the serving eNB.

· If the UE performs LBT but detects CCA to be busy, the UE informs the serving eNB and performs a RACH re-transmission. 

This RACH re-transmission process may involve multiple transmissions until the UE receives the corresponding random access response (RAR), and these multiple transmissions should have power ramp-ups with a step size configurable by an LTE operating in licensed carriers with unlicensed carriers.
The LBT failure can lead to the issue of PRACH power ramping. Also, if the UE performs LBT and it was success, but the Tx power for PRACH was not enough, the power ramping would still be required. The eNB can receive information that the PRACH didn't transmit due to the LBT failure based on the information of the LBT failure indicated by the UE.

Observation 3: LBT failure can lead to the issue of PRACH power ramping.
Proposal 3: Further study on power ramping due to LBT failure, e.g., introduction of LBT failure indicator can be considered.

Note that if the PRACH can be sent in any subframe in the time window when the UE try to transmit PRACH in multiple candidate subframes in a time window that corresponds to one opportunity of legacy PRACH (i.e., in LTE operating in licensed carriers), then PRACH power ramping would not be required.
Proposal 4: PRACH power ramping would not be required in multiple candidate subframes in a time window.
3
Conclusion
This contribution focused on Listen-Before-Talk (LBT) failure in LAA UL HARQ operation in Rel-14. It also includes the following observations and proposals:
Observation 1: It is feasible to assume that if the eNB fails to receive the UL data, the eNB could misinterpret the cause of reception failure. 

Observation 2: A method needs to be defined for interpreting a LBT failure.
Proposal 1: We support taking the explicit method using additional signaling as the baseline. If it is found that the explicit method increases signaling overhead significantly, then the implicit method without additional signaling can be considered.

Proposal 2: For the explicit method using additional signaling, we recommend to introduce a new UCI used for information feedback on LBT success or failure.
Observation 3: LBT failure can lead to the issue of PRACH power ramping.
Proposal 3: Further study on power ramping due to LBT failure, e.g., introduction of LBT failure indicator can be considered.

Proposal 4: PRACH power ramping would not be required in multiple candidate subframes in a time window.
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