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1. Introduction
In the past few RAN1 meetings, the HARQ retransmission for LAA has been raised as one of potential issues. In this contribution we discuss the issues related to UL synchronous HARQ under the cross/self-carrier scheduling framework, and the impact of discontinuous DL and UL transmissions on HARQ performance. Some potential enhancements are discussed. 

2. UL HARQ for LAA
In LTE, different from the DL HARQ, the UL HARQ follows synchronous operation. That is, the timing relationship between uplink initial transmissions, HARQ acknowledgements in downlink, and uplink retransmissions (triggered by NACK or PDCCH) is predefined. This operation is beneficial for UL in terms of signalling overhead as there is no need to send additional UL grants for retransmissions, or to explicitly signal the HARQ process number in the UL grant. 
For LAA UL on unlicensed bands, there are several issues if UL HARQ remains the same synchronous operation.  
· After the UL initial transmission, the PHICH for non-adaptive retransmission or PDCCH for adaptive retransmission is supposed to be transmitted in the subframe with a pre-defined timing offset. The timing relation depends on the TDD UL/DL configuration. The unlicensed carriers could be possibly self-carrier scheduled or cross-carrier scheduled. In our companion paper [1], we propose that both self-scheduling and cross-carrier scheduling should be supported.  
· If the unlicensed carrier is cross-scheduled by the PCell or another SCell on the licensed band, the PHICH or PDCCH could be transmitted that licensed carrier as usual. The main concern is that potentially a large number of unlicensed carriers need to be cross-carrier scheduled, which would challenge the scheduling capacity and PHICH resource availability on the PCell/licensed SCells. But this could be addressed in the new Rel-13 WI on LTE CA enhancement beyond 5 carriers. 
· For the self-scheduled unlicensed carrier, the PHICH or PDCCH for HARQ retransmissions is always transmitted on the same unlicensed carrier. In some areas (e.g. Europe and Japan), Listen-before-talk is required and the (e)CCA is needed first before the data transmission. For the synchronous UL HARQ, if the eNB senses the channel busy at or before the fixed timing subframe, the PHICH or PDCCH could not be transmitted. In this case, the UE could not receive the HARQ acknowledgements, and interpret this as ‘ACK’, and waits for the next PDCCH. If this persistently happens particularly in high load situations, the UE would experience large HARQ feedback latency and finally large UL transmission latency. 
 
Based on the above analysis, we have the following observation. 
Observation 1: for the UL LAA synchronous HARQ and self-carrier scheduling, there is a risk that the PHICH or PDCCH for adaptive retransmission could not be transmitted at the fixed timing due to the unsuccessful (e)CCA check. This could result in large UL transmission latency especially in high-load situations. 
Asynchronous HARQ is one way to alleviate this issue. With asynchronous HARQ, the eNB has the flexibility to schedule UL HARQ retransmission in any subframe, and the retransmission could occur as long as it is within the maximum channel occupancy time after (e)CCA succeeds. To supports asynchronous HARQ for UL, the eNB would need to include the explicit HARQ process number in the UL grant similar to the DL scheduling. The NDI in the UL grant could be used to indicate the new data or retransmissions for the corresponding process number. 
For the self-carrier scheduling over the unlicensed carriers, when the UL grant with toggled NDI is received, the UE could transmit its new data in the UL subframe with the legacy timing if the (e)CCA succeeds. If the UL grant with not-toggled NDI is received, the UE performs retransmissions at the predefined UL subframe. If the UE could not detect the UL grant, it could suspend its UL (re)transmission, and await next UL grant. During this procedure, it can be seen that the PHICH is not required for the UL asynchronous HARQ.  
The same idea can be used for cross-carrier scheduling to resolve the potential PHICH resource collision issue on the scheduling carrier.
Proposal 1: Asynchronous HARQ is supported for LAA UL, and the HARQ process number is included in the UL DCI formats.
Observation 2:  If asynchronous HARQ is supported for LAA UL, PHICH is not required over the unlicensed SCell. 

3. HARQ Retransmission for DL and UL
The LBT requirements and the fair coexistence with other networks require a discontinuous transmission on both DL and UL in LAA. After one transmission burst, the eNB/UE needs to pass the (extended) CCA check before sending another transmission burst. This may take some time in the coexistence with other nodes in a heavily loaded situation.
Fig. 1 provides a HARQ example on an unlicensed SCell DL, where the eNB has to suspend its transmission after 10ms Cell On Time to perform CCA. If the CCA check finds the channel is occupied, HARQ retransmission over the unlicensed channel could not be continued. The impact on HARQ is given as follows. 
· HARQ retransmission latency is increased if the channel is kept occupied by others. 
· There is a coupling with RLC reordering timer
· Even if these packets are transmitted eventually, the RLC layer may have already delivered the received PDUs to the higher layers or requested ARQ retransmission as the RLC reordering timer (for AM/UM mode) expires
· It may make the UE soft buffer management inefficient. 
· If the soft buffer is kept occupied for a long duration when the unlicensed channel cannot be used, buffer management is not efficient. 



[bookmark: _Ref399166949]Fig. 1  example for DL only LAA with compliance of Load-based LBT
Similar situation also exists on LAA UL.
For busy unlicensed channels, the HARQ interruption can happen frequently due to the prolonged channel sensing time, which could seriously impact HARQ performance. Some enhancements can be considered to address the HARQ impact. 
For example, a timer could be introduced when the transmission is temporarily suspended. If the timer expires before data transmission continues, the eNB gives up the HARQ retransmissions over the unlicensed SCell, and schedules these packets starting from RV0 on other available Cells. At the same time the UE can clear the soft buffer of those packets for soft combining. However, the packet would be transmitted from scratch and the previous HARQ transmissions on the LAA carrier would be wasted.
Another possible solution is to allow HARQ retransmissions to be switched to the PCell or other available SCells when the current channel is sensed busy for a certain time. 
Proposal 2: Potential enhancements on HARQ retransmission, including cross-carrier HARQ, should be investigated further for both DL and UL in LAA.

4. Conclusion
In this contribution, we have discussed the potential HARQ enhancements for LAA, and made the following observation and proposal.
Observation 1: for the UL LAA synchronous HARQ and self-carrier scheduling, there is a risk that the PHICH or PDCCH for adaptive retransmission could not be transmitted at the fixed timing due to the unsuccessful (e)CCA check. This could result in large UL transmission latency especially in high-load situations. 
Proposal 1: Asynchronous HARQ is supported for LAA UL, and the HARQ process number is included in the UL DCI formats.
Observation 2:  If asynchronous HARQ is supported for LAA UL, PHICH is not required over the unlicensed SCell. 
Proposal 2: Potential enhancements on HARQ retransmission, including cross-carrier HARQ, should be investigated further for both DL and UL in LAA.
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