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1   Introduction
The Rel-14 work item on enhanced LAA (eLAA) for LTE was approved in RAN#70 [1].  RAN2 shall focus on UL related issues. In Rel-13 there were some discussions/agreements on UL HARQ operation in LAA SCell. In this contribution, we further discuss the UL HARQ operation related issues and provide our considerations.

2   Discussion
In Rel-13 RAN2 discussed UL HARQ operation and in RAN2#89 bis [2] RAN2 agreed that:
	Agreements
For Uplink LAA transmission:

2
In line with RAN1 recommendation, asynchronous HARQ should be specified for UL HARQ in LAA SCells.

3
For LAA UL every retransmissions needs to be scheduled by PDCCH 


We should use this agreement as baseline and further discuss the details. 
Proposal 1: 
Ask RAN2 to confirm that:

	Agreements
For Uplink LAA transmission:

2
In line with RAN1 recommendation, asynchronous HARQ should be specified for UL HARQ in LAA SCells.

3
For LAA UL every retransmissions needs to be scheduled by PDCCH 


In addition, in Rel-13 eMTC WID, asynchronous HARQ has been agreed for UL HARQ operation as in RAN2#93[3]:

	RAN2#93 agreement:
=>
There is no explicit feedback for asynchronous UL HARQ; retransmissions are indicated using uplink grants.

=>
For asynchronous uplink HARQ, the counter for maximum number of retransmission is not used.

=>
Rel-13 LC/CE UEs shall use the legacy mechanism, i.e. based on NDI, to trigger (re)transmissions.
=>
For asynchronous uplink HARQ, processes are linked to TTIs differently.
=>
Introduce UL HARQ RTT Timer and UL DRX retransmission timer per HARQ process.
=>
State variable HARQ_FEEDBACK is not used or maintained for asynchronous UL HARQ.
=>
The value range of drx-ULRetransmissionTimer is the same as for extended drx-RetransmissionTimer.

=>
Uplink HARQ RTT Timer length is set for 4 subframes.
=>
Uplink HARQ RTT Timer is started after the subframe containing the last PUSCH repetition of a transmission.

=>
drx-ULRetransmissionTimer is started on the subframe UL HARQ RTT Timer has expired.


These agreements should be taken as the starting point when considering the asynchronous HARQ for eLAA.  However some of agreements should be made by RAN1, and some the value range should be further discussed. Therefore we would propose:
Proposal 2: 
use the following agreements on asynchronous HARQ for LAA SCell as baseline.

	=>
For asynchronous uplink HARQ, the counter for maximum number of retransmission is not used.
=>
Introduce UL HARQ RTT Timer and UL DRX retransmission timer per HARQ process.
=>
drx-ULRetransmissionTimer is started on the subframe UL HARQ RTT Timer has expired.


Proposal 2bis: 
Ask RAN1 to confirm whether for LAA SCell:

	=>
There is no explicit feedback for asynchronous UL HARQ; retransmissions are indicated using uplink grants.

=>
Rel-14 LAA UEs shall use the legacy mechanism, i.e. based on NDI, to trigger (re)transmissions.
=>
For asynchronous uplink HARQ, processes are linked to TTIs differently.
=>
State variable HARQ_FEEDBACK is not used or maintained for asynchronous UL HARQ.
=>
Uplink HARQ RTT Timer length is set for 4 subframes.


Besides, other issues on LAA SCell shall also be considered:
Cross-carrier retransmission

In legacy CA, the retransmission is always transmitted on the carrier same with the initial transmission. Considering additional complexity, for downlink HARQ of LAA SCell, cross-carrier retransmission is not supported [4]. In Rel-14, for the same purpose, for uplink operation we propose that

Proposal 3:
For UL HARQ of LAA SCell(s), retransmission moved to another carrier is not supported. 
HARQ buffer flushing
Currently the HARQ buffer will be flushed when maximum re-transmission counter is reached. Since we do not have this counter for asynchronous HARQ, do we need to flush the HARQ buffer by other means? We do not see the problem to maintain the HARQ buffer. Therefore we propose:
Proposal 4: 
For asynchronous HARQ on LAA SCell, HARQ buffer is not flushed.
Value range of drx-ULRetransmissionTimer
For eMTC LC/CE UEs, to coverage extension, repetitions are supported. Meanwhile, RAN2 made agreement that drx-RetransmissionTimer is extended to cover the repetitions. Since there is no problem on coverage extension for LAA SCell, repetitions are not used. Hence, we do not need to configure such an extended drx-ULRetransmissionTimer. Hence, we propose that

Proposal 5: 
The value range of drx-ULRetransmissionTimer is the same as for drx-RetransmissionTimer.
Start of RTT Timer 

For eMTC, since they have repetitions mechanism, the start of RTT timer is defined as “Uplink HARQ RTT Timer is started after the subframe containing the last PUSCH repetition of a transmission.”. For LAA SCell, we do not have repetitions, the RTT timer could start after the subframe containing the last indicated PUSCH transmission, i.e. the UE will start the timer even if the PUSCH transmission is failed due to LBT.
Proposal 6: 
Uplink HARQ RTT Timer is started after the subframe containing the last indicated PUSCH transmission.
Operation of UL grant if LBT fails

For every (re)transmission, the eNB should indicate the NDI on the UL grant. Based on the NDI, the UE is able to know whether this transimission is a new transmission or a retransmission. One example is illustrated in Figure 1. 
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Figure 1: An example of NDI problem for asynchronous HARQ if LBT busy
The UE may receive two UL grants for new transmission with the same HARQprocessID in sequence. If the UE has not processed the UL grant for the first new transmission, the UE may decide to generate a retransmission for the second new transmission based on NDI which is not toggled. Furthermore, the TB size between the two UL grants may be different which may lead to undesirable result. To avoid this, we could adopt similar solution as SPS, i.e. the MAC entity shall process the UL grant regardless of LBT result.
Proposal 7:
For LAA SCell(s), the MAC entity shall process the UL grant regardless of LBT result.

3   Conclusion
In this contribution we discuss UL HARQ related issues for LAA SCell, and have following proposals:
Proposal 1: 
Ask RAN2 to confirm that:

	Agreements
For Uplink LAA transmission:

2
In line with RAN1 recommendation, asynchronous HARQ should be specified for UL HARQ in LAA SCells.

3
For LAA UL every retransmissions needs to be scheduled by PDCCH 


Proposal 2: 
use the following agreements on asynchronous HARQ for LAA SCell as baseline.

	=>
For asynchronous uplink HARQ, the counter for maximum number of retransmission is not used.
=>
Introduce UL HARQ RTT Timer and UL DRX retransmission timer per HARQ process.
=>
drx-ULRetransmissionTimer is started on the subframe UL HARQ RTT Timer has expired.


Proposal 2bis: 
Ask RAN1 to confirm whether for LAA SCell:
	=>
There is no explicit feedback for asynchronous UL HARQ; retransmissions are indicated using uplink grants.

=>
Rel-14 LAA UEs shall use the legacy mechanism, i.e. based on NDI, to trigger (re)transmissions.
=>
For asynchronous uplink HARQ, processes are linked to TTIs differently.
=>
State variable HARQ_FEEDBACK is not used or maintained for asynchronous UL HARQ.
=>
Uplink HARQ RTT Timer length is set for 4 subframes.


Proposal 3:
For UL HARQ of LAA SCell(s), retransmission moved to another carrier is not supported. 
Proposal 4: 
For asynchronous HARQ on LAA SCell, HARQ buffer is not flushed.
Proposal 5: 
The value range of drx-ULRetransmissionTimer is the same as for drx-RetransmissionTimer.
Proposal 6: 
Uplink HARQ RTT Timer is started after the subframe containing the last indicated PUSCH transmission.
Proposal 7:
For LAA SCell(s), the MAC entity shall process the UL grant regardless of LBT result.
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